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TITLE OF THE INVENTION 

HETEROARYLPIPERIDINE MODULATORS OF CHEMOKINE RECEPTOR 

AcnvrrY. 



5 BACKGROUND OF THE INVENTION 

The chemokines are a family of small (70-120 amino acids), 
proinflammatory cytokines, with potent chemotactic activities. Chemokines are 
chemotactic cytokines that are released by a wide variety of cells to attract various 
cells, such as monocytes, macrophages, T cells, eosinophils, basophils and neutrophils 
10 to sites of inflammation (reviewed in Schall, Cytokine , 3, 165-183 (1991) and 

Murphy, Rev. Immun. , 12, 593-633 (1994)). These molecules were originally defined 
by four conserved cysteines and divided into two subfamilies based on the 
arrangement of the first cysteine pair. In the CXC-chemokine family, which includes 
EL-8, GROcx, NAP-2 and IP-10, these two cysteines are separated by a single amino 
15 acid, while in the CC-chemokine family, which includes RANTES, MCP-1, MCP-2, 
MCP-3, MTP-la, MIP-1B and eotaxin, these two residues are adjacent. 

The ct-chemokines, such as interleukin-8 (EL-8), neutrophil-activating 
protein-2 (NAP-2) and melanoma growth stimulatory activity protein (MGSA) are 
chemotactic primarily for neutrophils, whereas {J-chemokines, such as RANTES, 
20 MlP-la, MDP-1P, monocyte chemotactic protein-1 (MCP-1), MCP-2, MCP-3 and 
eotaxin are chemotactic for macrophages, monocytes, T-cells, eosinophils and 
basophils (Deng, et al., Nature. 381, 661-666 (1996)). 

The chemokines are secreted by a wide variety of cell types and bind to 
specific G-protein coupled receptors (GPCRs) (reviewed in Horuk, Trends Pharm. 
25 ScL, 15, 159-165 (1994)) present on leukocytes and other cells. These chemokine 
■ receptors form a sub-family of GPCRs, which, at present, consists of fifteen 
characterized members and a number of orphans. Unlike receptors for promiscuous 
chemoattractants such as C5a, fMLP, PAF, andLTB4, chemokine receptors are more 
selectively expressed on subsets of leukocytes. Thus, generation of specific 
30 chemokines provides a mechanism for recruitment of particular leukocyte subsets. 

On binding their cognate ligands, chemokine receptors transduce an 
intracellular signal though the associated trimeric G protein, resulting in a rapid 
increase in intracellular calcium concentration. There are at least seven human 
chemokine receptors that bind or respond to P-chemokines with the following 
35 characteristic pattern: CCR-1 (or "CKR-1" or "CC-CKR-1") [MB?-lcc, MIP-ip, 
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MCP-3 RANTES] (Ben-Barruch, et al., J. Biol. Chem., 270, 22123-22128 (1995); 
Beote, et al, Cell, 72, 415-425 (1993)); CCR-2A and CCR-2B (or 
2A" or »CC-CKR-2A'TCC-CKR-2A") [MCP-1, MCP-2, MCP-3, MCP-4]; CCR-3 
(or "CKR-3" or "CC-CKR-3") [Eotaxin, Eotaxin 2, RANTES, MCP-2, MCP-3] 
(Rollins, etaUBlpod, 90, 908-928(1997)); CCR-4 (or "CKR-4" or "CC-CKR-4") 
[MlP-la, RANTES, MCP-1] (Rollins, et al., Blood, 90, 908-928 (1997)); CCR-5 (or 
"CKR-5" or "CC-CKR-5") [MJP-la, RANTES, M1P-1P] (Sanson, et al., 
Bip^mistry, 35, 3362-3367 (1996)); and the Duffy blood-group antigen [RANTES, 
MCP-1] (Chaudhun, et al., J. Biol. Chem ., 269, 7835-7838 (1994)). The fi- 
chemokines include eotaxin, MTP ("macrophage inflammatory protein"), MCP 
("monocyte chemoattractant protein") and RANTES («regulauon-u P on-act,vation, 
normal T expressed and secreted") among other chemokines. 

Chemokine receptors, such as CCR-1, CCR-2, CCR-2A, CCR-2B, 
CCR3 CCR-4 CCR-5, CXCR-3,CXCR-4, have been implicated as being important 
mediators of inflammatory and immunoregulatory disorders and diseases, including 
asthma, rhinitis and allergic diseases, as well as autoimmune patholog.es such as 
rheumatoid arthritis and atherosclerosis. Humans who are homozygous for the 32- 
basepair deletion in the CCR-5 gene appear to have less susceptibility to rheumatoid 
arthritis (Gomez, et al., Arflm^RMimate. 42, 989-992 (1999)). A revtew of 
the role of eosinophils in allergic inflammation is provided by Kita, H., et al., LJ*IL 
Med 183 2421-2426(1996). A general review of the role of chemokines in allergic 
motion is provided by Lustger, A.D., New England J.Me d., 338(7), 426-445 

(1998). . 

A subset of chemokines are potent chemoattractants for monocytes and 

25 macrophages. The best characterized of these is MCP-1 (monocyte chemoattractant 
protein-1), whose primary receptor is CCR2. MCP-1 is produced in a variety of cell 
types in response to inflammatory stimuli in various species, including rodents and 
humans, and stimulates chemotaxis in monocytes and a subset of lymphocytes. In 
particular, MCP-1 production correlates with monocyte and macrophage infiltration at 
30 inflammatory sites. Deletion of either MCP-1 or CCR2 by homologous 

recombination in mice results in marked attenuation of monocyte recruitment m 
response to thioglycollate injection and Listeria monocytogenes ^™<£«£ 
Exp Med 187:601-608 (1998); Kurihara et al. J. Exp. Med. 186: 1757-1762 (1997); 
Boring et al. J. Clin. Invest. 100:2552-2561 (1997); Kuziel et al. Proc. Natl. Acad. 
Sci 94-12053-12058(1997)). Furthermore, these animals show reduced monocyte 
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infiltration into granulomatous lesions induced by the injection of schistosomal or 
mycobacterial antigens (Boring et al. J. Clin. Invest. 100:2552-2561 (1997); 
Warmington et al. Am J. Path. 154:1407-1416 (1999)). These data suggest that MCP- 
1-induced CCR2 activation plays a major role in monocyte recruitment to 
inflammatory sites, and that antagonism of this activity will produce a sufficient 
suppression of the immune response to produce therapeutic benefits in 
immunoinflammatory and autoimmune diseases 

Accordingly, agents which modulate chemokine receptors such as the 
CCR-2 receptor would be useful in such disorders and diseases. 

In addition, the recruitment of monocytes to inflammatory lesions in 
the vascular wall is a major component of the pathogenesis of atherogenic plaque 
formation. MCP-1 is produced and secreted by endothelial cells and.intimal smooth 
muscle cells after injury to the vascular wall in hypercholesterolemic conditions. 
Monocytes recruited to the site of injury infiltrate the vascular wall and differentiate to 
15 foam cells in response to the released MCP-1. Several groups have now demonstrated 
that aortic lesion size, macrophage content and necrosis are attenuated in MCP-1 -/- or 
CCR2 -/- mice backcrossed to APO-E -/-, LDL-R -/- or Apo B transgenic mice 
maintained on high fat diets (Boring et al. Nature 394:894-897 (1998); Gosling et al. 
J. Clin. Invest. 103:773-778 (1999)). Thus, CCR2 antagonists may inhibit 
20 atherosclerotic lesion formation and pathological progression by impairing monocyte 
recruitment and differentiation in the arterial wall. 

SUMMARY OF THE INVENTION 

The present invention is further directed to compounds which are 

25 modulators of chemokine receptor activity and are useful in the prevention or 
treatment of certain inflammatory and immunoregulatory disorders and diseases, 
allergic diseases, atopic conditions including allergic rhinitis, dermatitis, 
conjunctivitis, and asthma, as well as autoimmune pathologies such as rheumatoid 
arthritis and atherosclerosis. The invention is also directed to pharmaceutical 

30 compositions comprising these compounds and the use of these compounds and 
compositions in the prevention or treatment of such diseases in which chemokine 
receptors are involved. 

DETAILED DESCRIPTION OF THE INVENTION 
35 The present invention is directed to compounds of the formula I: 
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wherein: 
5 Rl is selected from: 
hydrogen, 

-Co-6alkyl-Y-(Ci-6alkyl)-, and 

.(Co-6alkyl)-Y-(Co-6alkyl)-(C3-7cycloalkyl)-(CO-6alkyl), 

where Y is selected from: 
10 a single bond, -0-, -S-, -SO-, -SO2-, and -NR10-, 

and where the alkyl and the cycloalkyl are unsubstituted or substituted 
with 1-7 substituents where the substituents are independently selected 
from: 

(a) halo, 
15 (b) hydroxy, 

(c) -0-Ci-3alkyl, and 

(d) trifluoromethyl, 

(e) Ci-3alkyl, 

(f) -0-Ci.3alkyl, 

20 ( g ) -CO2R 9 , wherein R 9 is independently selected from: 

hydrogen, Ci-6 alkyl, C5-6 cycloalkyl. benzyl or phenyl, which 
is unsubstituted or substituted with 1-3 substituents where the 
substituents are independently selected from: halo, Ci-3alkyl, 
Ci-3alkoxy and trifluoromethyl, 

25 00 -CN, 

(i) heterocycle, 

(j) -NR9R10, 

(k) -NR9COR10, 

(1) -NR9S02R 10 , and 

30 (m) -CONR9R10; 
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is selected from: 

(Co-6alkyl)-phenyl and (Co-6alkyl)-heterocycle, 

where the alkyl is unsubstituted or substituted with 1-7 substituents 
where the substituents are independently selected from: 

(a) halo, 

(b) hydroxy, 

(c) -0-Ci_3alkyl, 

(d) trifluoromethyl, and 

(e) -Ci-3alkyl, 

and where the phenyl and the heterocycle is unsubstituted or substituted with 
1-5 substituents where the substituents are independently selected 
from: 

(a) halo, 

(b) trifluoromethyl, 

(c) trifluoromethoxy, 

(d) hydroxy, 

(e) Ci-6alkyl, 

(f) C3-7cycloalkyl, 

( g ) -0-Ci-6alkyl, 

(h) -0-C3-7cycloalkyl, 

(i) -SCF3, 

(j) -S-Ci-6alkyl, 

(k) -S02-Ci-6alkyl, 

(1) phenyl, 

(m) heterocycle, 

(n) -CO2R 9 , 

(o) -CN, 

(p) -NR9R10, 

(q) -NR9-S02-R 10 . 

(r) -SO2-NR9R10, and 

( S ) -CONR9R10; 



R^ is selected from: 

(Co-6alkyl)-heterocycle, 
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where the alkyl is unsubstituted or substituted with 1-5 substituents 
where the substituents are independently selected from: 

(a) halo, 

(b) hydroxy, 

(c) -0-Ci-3alkyl, and 

(d) trifluoromethyl, 

and where the heterocycle is unsubstituted or substituted with 1-5 substituents 
where the substituents are independently selected from: 

(a) halo, 

(b) trifluoromethyl, 

(c) hydroxy, 

(d) Ci-3alkyl, 

(e) -0-Cl-3alkyl, 

( f) -CO2R 9 , 

(g) -CN, 

(h) -NR9R10, and 

(i) -CONR9R10; 

r4 is selected from: 

(a) hydrogen, 

(b) hydroxy, 

(c) Ci-6alkyl, 

(d) Ci-6alkyl-hydroxy, 

(e) -0-Ci_3alkyl, 

(f) -CO2R 9 , 

( g ) -CONR^RlO, and 

(h) -CN; 

or where R3 and R* may be joined together to form a ring which is selected from: 

(a) lH-indene, 

(b) 2,3-dihydro-lH-indene, 

(c) 2,3-dihydro-benzofuran, 

(d) 1,3-dihydro-isobenzofuran, 

(e) 2,3-dihydro-benzothiofuran, and 

(f) 1,3-dihydro-isobenzothiofuran, 

-6- 
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or where R3 and R5 or R* and R° may be joined together to form a ring which is 
phenyl, 
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wherein the ring is unsubstituted or substituted with 1-7 substituents where the 


substituents are independently selected from: 


(a) 


halo, 


(b) 


trifluoromethyl, 


(c) 


hydroxy, 


(d) 


Ci-3alkyl, 


(e) 


-0-Ci_3alkyl, 


(f) 


-CO2R 9 , 


(g) 


-CN, 


(h) 


-NR9R10, and 


(D 


-CONR9R10; 



15 R5 and R 6 are independently selected from: 

(a) hydrogen, 

(b) hydroxy, 

(c) Ci-6alkyl, . 

(d) Ci-6alkyl-hydroxy, 
20 (e) -0-Cl-3alkyl, 

(f) oxo, and 

(g) halo; 



RlO is independently selected from 

25 



hydrogen, C W alkyl, benzyl, phenyl, and Ci-6 alkyl-C 3 -6 cycloalkyl, 
which is unsubstituted or substituted with 1-3 substituents where the 
substituents are independently selected from: halo, Ci-3alkyl, Ci- 
3alkoxy and trifluoromethyl; 

30 n is an integer which is 0 or 1 ; 

and pharmaceutically acceptable salts thereof and individual diastereomers thereof. 

In the present invention it is preferred that R* is selected from: 
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-Ci- 6 alkyl, -C 0 -6alkyl-O-Ci-6alkyl-, -Co-6alkyl-S-Ci- 6 alkyl-, and 
-(Co-6alkyl)-(C3-7cycloalkyl)-(Co-6alkyl), 

where the alkyl and the cycloalkyl are unsubstituted or substituted with 

1-7 substituents where the substituents are independently selected 

from: 

(a) halo, 

(b) hydroxy, 

(c) -0-Cl-3alkyl, 

(d) trifluoromethyl, 

(f) Ci-3alkyl, 

( g ) -0-Ci-3alkyl, 

(h) -CO2R 9 , wherein R 9 is independently selected from: 
hydrogen, Cl-6 alkyl, C5-6 cycloalkyl, benzyl or phenyl, which 
is unsubstituted or substituted with 1-3 substituents where the 
substituents are independently selected from: halo, Ci-3alkyl, 
d-3alkoxy and trifluoromethyl, 

(i) -CN, 
(j) -NR9R10, and 

(k) -CONR 9 R 10 . 

In the present invention it is more preferred that Rl is selected from: 
(1) -Ci- 6 alkyl, which is unsubstituted or substituted with 1-6 substituents 
where the substituents are independently selected from: 
(a) halo, 

25 ( b ) hydroxy, 

(c) -0-Ci-3alkyl, and 

(d) trifluoromethyl, 

(2) -C 0 -6alkyl-O-Ci- 6 alkyl-, which is unsubstituted or substituted with 1- 
6 substituents where the substituents are independently selected from: 

30 (a) halo, and 

(b) trifluoromethyl, 

(3) -Co-6alkyl-S-Ci_6alkyl-, which is unsubstituted or substituted with 1-6 

substituents where the substituents are independently selected from: 
(a) halo, and 

-8- 
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(b) trifluoromethyl, 
(4) -(C3-5cycloalkyl)-(Co-6alkyl), which is unsubstituted or substituted 

with 1-7 substituents where the substituents are independently selected 
from: 

5 (a) halo, 

(b) hydroxy, 

(c) -0-Ci-3alkyl, and 

(d) trifluoromethyl. 

10 in the present invention it is even more preferred that R 1 is selected 

from: 

(1) -CH3, 

(2) -CH2CH3, 

(3) -CH(CH3)2, 
15 (4) -CH2CH2CH3, 

(5) -CH2CH(CH3)2, 

(6) -cyclopropyl, 

(7) -cyclobutyl, 

(8) -cyclopentyl, 

20 (9) -CH2-cyclopropyl, 

(10) -CH2-cyclobutyl, 

(11) -CH2-cyclopentyl, 

(12) -CH2OH, 

(13) -C(CH 3 )2(OH), 

25 (14) -C(CH20H)(CH3)2, 

(15) -(OH)cyclobutyl, 

(16) -(OH)cyclopentyl, 

(17) -C(CH3)2(NHCOCH3). 

(18) -C(C02H)(CH3)2, 
30 (19) -O-CH3, 

(20) -O-cyclopentyl, 

(21) -0-CH(CH3)2, 

(22) -S-CH3, 

(23) -S-CF3, 
35 (24) -SO2-CH3, 

-9- 



(25) -S-CH(CH3)2» 

(26) -S02-CH(CH3)2, and 

(27) -NH-SO2-CH3. 

In the present invention it is preferred that R* is selected from: 
-(Co-4alkyl)-phenyl and -(C<)-4alkyl)-heterocycle, 

where heterocycle is selected from: 

furanyl, imidazolyl, oxadiazolyl, oxazolyl, pyrazolyl, pyrazinyl, 
pyridyl, pyridazinyl, pyrimidyl, pyrrolyl, thiadiazolyl, thiazolyl, thienyl, 
and triazolyl, and N-oxides thereof, 
where the alkyl is unsubstituted or substituted with 1-7 substituents where the 
substituents are independently selected from: 

(a) halo, 

(b) hydroxy, 

(c) -0-Ci_3alkyl, and 

(d) trifluoromethyl, 

and where the phenyl or heterocycle is unsubstituted or substituted with 1-5 
substituents where the substituents are independently selected from: 

(a) halo, 

(b) trifluoromethyl, 

(c) trifluoromethoxy, 

(d) hydroxy, 

(e) Ci-3alkyl, 

(f) -0-Ci-3alkyl, 

(g) -CO2R 9 , 

(h) -S-Ci-3alkyl, 

(i) -S02-Ci-3alkyl, 
(j) -SCF3, 

(k) -CO2R 9 , 

(1) -NR9R10, 

(m) -NR9-S02-R 10 . 

(n) -S02-NR9R 10 . and 

(o) -CONR9R10. 
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In the present invention it is more preferred that is selected from: 
-(Co-4alkyl)-phenyl and -(C 0 -4alkyl)-heterocycle, 

where heterocycle is selected from: pyridyl, pyridazinyl, and N-oxides thereof, 
where the alkyl is unsubstituted or substituted with 1-7 substituents where the 
substituents are independently selected from: 

(a) halo, 

(b) hydroxy, 

(c) -0-Ci-3alkyl, and 

(d) trifluoromethyl, 

and where the phenyl or heterocycle is unsubstituted or substituted wUh 1-3 
substituents where the substituents are independently selected from: 

(a) halo, 

(b) trifluoromethyl, 

(c) trifluoromethoxy, 

(d) hydroxy, 

(e) Ci-3alkyl, 

(f) -0-Ci-3alkyl, 

(g) -C02-Ci-3alkyl, 

(h) -CO2H, 

(i) -S-Ci-3alkyl, 
(j) -S02-Ci-3alkyl, 
(k) -SCF3, 

(1) -NH2. 

(m) -NH-S02-Ci-3alkyl, and 
(n) -SO2-NH2. 



from: 



In the present invention it is even more preferred that R 2 is selected 
-CH2-phenyl and -CH2-heterocycle, 

where heterocycle is selected from: pyridyl, pyridazinyl, and N-oxides hereof , 
and where the phenyl or heterocycle is unsubstituted or substrtuted with 1-3 
substituents where the substituents are independently selected from: 

(a) halo, 

(b) trifluoromethyl, 
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(c) trifluoromethoxy, 

(d) hydroxy, 

(e) Ci-3alkyl, 

(f) -0-Ci-3alkyl, 

(g) -C02-Cl-3alkyl, 

(h) -C02H, 

(i) i -S-Ci-3alkyl, 
(j) -S02-Ci-3alkyl, 
(k) -SCF3, 

(1) -NH2, 

(m) -NH-S02-Cl-3alkyl, and 

(n) -SO2-NH2. 



15 from: 



In the present invention it is still more preferred that is selected 

(1) -CH2-(phenyl), 

(2) -CH2-(4-bromophenyl), 

(3) _CH2-(3-chlorophenyl), 

(4) _CH2-(3,5-difluorophenyl), 

20 (5) _cH2-((2-trifluoromethyl)phenyl), 

(6) -CH2-((3-trifluoromethyl)phenyl), 

(7) _CH2-((4-trifluoromethyl)phenyl), 

(8) -CH2-((3-trifIuoromethoxy)phenyl), 

(9) _CH2-((3-trifluoromethylthio)phenyl), 

25 (10) -CH2-((3-trifluoromethoxy-5-thiomethyl)phenyl), 

(11) -CH2-((3-trifluoromethoxy-5-methoxy)phenyl), 

(12) -CH 2 -((3-trifluoromethoxy-5-methanesulfonyl)phenyl), 

(13) -CH2-((3-tnfluoromethoxy-5-amino)phenyl), 

(14) -CH2-C(3-trifluoromethoxy-5-aminomethanesulfonyl)phenyl), 
30 (15) .CH2-((3-trifiuoromethoxy-5-sulfonylamino)phenyl), 

(!6) _cH2-((3.5-bis-trifluoromethyl)phenyl), 

(17) .CH2-((3-flu° ro - 5 - trifluoromethy ^ pheny1 ^ 

(18) -CH(CH3)-((3,5-bis-trifluoromethyl)phenyl)> 

(19) -C(CH3)2-((3,5-bis-trifluoromethyl)phenyl), 
35 (20) -CH2-(4-(2-trifluoromethyl)pyridyl), 

-12- 



(21) -CH2-(5-(3-trifluoromethyl)pyridyl), 

(22) -CH2-(5-(3-trifluoromethyl)pyridazinyl), 

(23) -CH2-(4-(2-trifluoromethyt)pyridyl-N-oxide), and 

(24) -CH2-(5-(3-trifluoromethyl)pyridyI-N-oxide). 

In the present invention it is preferred that r3 is heterocycle, 
where the heterocycle is unsubstituted or substituted with 1-5 substituents 
where the substituents are independently selected from: 

(a) halo, 

(b) trifluoromethyl, 

(c) hydroxy, 

(d) Ci-3alkyl, 

(e) -0-Ci-3alkyl, 

(f) -CO2R 9 , 

(g) -CN, 

(h) -NR9R10, and 

(i) -CONR9R10. 

In the present invention it is preferred that R3 is heterocycle, 
where the heterocycle is selected from: imidazole, pyrimidyl, triazole or tetrazole, and 
where the heterocycle is unsubstituted or substituted with 1-5 substituents 
where the substituents are independently selected from: 

(a) halo, 

(b) trifluoromethyl, s 

(c) hydroxy, 

(d) Ci-3alkyl, 

(e) -0-Ci-3alkyl, 

(f) -CO2R 9 , 

(g) -CN, 

(h) -NR9R10, and 

(i) -CONR9R10. 

In the present invention it is more preferred that R3 is heterocycle, 



-13- 



where the heterocycle is unsubstituted or substituted with 1-3 substituents 
where the substituents are independently selected from: 
(a) halo, 

(c) hydroxy, 

(d) Ci-3alkyl, 

(e) -0-Ci_3alkyl, and 

(f) -CO2R 9 . 

In the present invention it is still more preferred that R3 is selected 
from: imidazole, pyrimidyl, triazole or tetrazole. 

In the present invention it is preferred that R3 is selected from: 

jfVi 

H 




N 



1 

N 

In the present invention it is preferred that R* is selected from: 

(a) hydrogen, 

(b) hydroxy, 

(c) -CO2H, 

(d) -C02Ci-6alkyl, 

(e) -CN. 
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In the present invention it is preferred that R 4 is hydrogen. , 

In the present invention it is preferred that R 5 and R 6 are 
independently selected from: 
5 (a) hydrogen, 

(b) hydroxy, 

(c) -CH3, 

(d) -O-CH3, and 

(e) oxo. 

10 i„ the present invention it is more preferred that R5 is independently 

selected from: 

(a) hydrogen, 

(b) -CH3, and 
15 (c) -O-CH3. 

The compounds of the instant invention have at least two asymmetric 
centers at the 1- and 3-positions of the cyclopentyl ring. Additional asymmetric 
centers may be present depending upon the nature of the various substituents on the 

20 molecule. Each such asymmetric center will independently produce two optical 

isomers and it is intended that all of the possible optical isomers and diastereomers in 
mixtures and as pure or partially purified compounds are included within the ambit of 
this invention. The absolute configurations of the more preferred compounds of this 
invention are of the orientation where the piperidinyl substituent and the X substituent 

25 are cis, i.e. as depicted: 




The absolute configurations of the most preferred compounds of this 
invention are those of the orientation as depicted: 



15 
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R 1 R 10 



wherein the piperidinyl substituent is designated as being of the "R" absolute 
configuration and the X substituent is designated as being of the "S" absolute 
configuration (although the designation for the X substituent may be specified as "R 1 
if the priority for assignment of the groups at that position differs). 

The independent syntheses of diastereomers and enantiomers or their 
chromatographic separations may be achieved as known in the art by appropriate 
modification of the methodology disclosed herein. Their absolute stereochemistry 
may be determined by the x-ray crystallography of crystalline products or crystalline 
intermediates which are derivatized, if necessary, with a reagent containing an 
asymmetric center of known absolute configuration. 

As appreciated by those of skill in the art, halo or halogen as used 
herein are intended to include chloro, fluoro, bromo and iodo. Similarly, Cl-g, as in 
Ci galkyl is defined to identify the group as having 1, 2, 3, 4, 5, 6, 7 or 8 carbons m a 
linear or branched arrangement, such that Ci-galkyl specifically includes methyl, 
ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, tert-butyl, pentyl, hexyl, heptyl and 
octyl. Likewise, C 0 , as in C 0 alkyl is defined to identify the presence of a direct 
covalent bond. The term "heterocycle" as used herein is intended to include the 
following groups: benzoimidazolyl, benzofuranyl, benzofurazanyl, benzopyrazolyl, 
benzotriazolyl, benzothiophenyl, benzoxazolyl, carbazolyl, carbolinyl, cinnohnyl, 
furanyl, imidazolyl, indolinyl, indolyl, indolazinyl, indazolyl, isobenzofuranyl, 
isoindolyl, isoquinolyl, isothiazolyl, isoxazolyl, naphthpyridinyl, oxadiazolyl, 
oxazolyl, oxetanyl, pyranyl, pyrazinyl, pyrazolyl, pyridazinyl, pyridopyndinyl, 
pyridazinyl, pyridyl, pyrimidyl, pyrrolyl, quinazolinyl, quinolyl, qumoxahnyl, 
25 tetrahydropyranyl, tetrazolyl, tetrazolopyridyl, thiadiazolyl, thiazolyl, thienyl, 
triazolyl, azetidinyl, 1,4-dioxanyl, hexahydroazepinyl, piperazinyl, pipendinyl, 
pyrrolidinyl, morpholinyl, thiomorpholinyl, dihydrobenzoimidazolyl, 
dihydrobenzofuranyl, dihydrobenzothiophenyl, dihydrobenzoxazolyl, dihydrofuranyl, 
dihydroimidazolyl, dihydroindolyl, dihydroisooxazolyl, dihydroisothiazolyl, 
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dihydrooxadiazolyl, dihydrooxazolyl, dihydropyrazinyl, dihydropyrazolyl, 
dihydropyridinyl, dihydropyrimidinyl, dihydropyrrolyl, dihydroquinolinyl, 
dihydrotetrazolyl, dihydrothiadiazolyl, dihydrothiazolyl, dihydrothtenyl, 
dihydrotriazolyl, dihydroazetidinyl, methylenedioxybenzoyl, tetrahydrofuranyl, and 
tetrahydrothienyl, and N-oxides thereof. 

The phrase "pharmaceutically acceptable" is employed herein to refer 
to those compounds, materials, compositions, and/or dosage forms which are, within 
the scope of sound medical judgment, suitable for use in contact with the tissues of 
human beings and animals without excessive toxicity, irritation, allergic response, or 
other problem or complication, commensurate with a reasonable benefit/nsk ratio. 

As used herein, "pharmaceutically acceptable salts" refer to derivatives 
wherein the parent compound is modified by making acid or base salts thereof. 
Examples of pharmaceutically acceptable salts include, but are not limited to mineral 
or organic acid salts of basic residues such as amines; alkali or organic salts of acidic 
residues such as carboxylic acids; and the like. The pharmaceutically acceptable salts 
include the conventional non-toxic salts or the quaternary ammonium salts of the 
parent compound formed, for example, from non-toxic inorganic or organic adds. 
For example, such conventional non-toxic salts include those derived from inorganic 
acids such as hydrochloric, hydrobromic, sulfuric, sulfamic, phosphoric, nitric and the 
• like; and the salts prepared from organic acids such as acetic, propionic, succinic, 
glycolic, stearic, lactic, malic, tartaric, citric, ascorbic, pamoic, maleic, 
hydroxymaleic, phenylacetic, glutamic, benzoic, salicylic, sulfamkc, 2- 
acetoxybenzoic, fumaric, toluenesulfonic, methanesulfonic, ethane disulfomc, oxalic, 

isethionic, and the like. 
25 The pharmaceutically acceptable salts of the present invention can be 

prepared from the parent compound which contains abasic or acidic moiety by 
conventional chemical methods. Generally, such salts can be prepared by reacting the 
free acid or base forms of these compounds with a stoichiometric amount of the 
appropriate base or acid in water or in an organic solvent, or in a mixture of the two; 
30 generally, nonaqueous media such as ether, ethyl acetate, ethanol, isopropanol, or 

acetonitrile are preferred. Suitable salts are found, e.g. in Remington's Pharmaceutical 
Sciences, 17th ed., Mack Publishing Company, Easton, PA, 1985, p. 1418. 

Exemplifying the invention is the use of the compounds disclosed in 

the Examples and herein. 



20 
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Specific compounds within the present invention include a compound 
which selected from the group consisting of: the title compounds of the Examples; 
and pharmaceutical^ acceptable salts thereof and individual diastereomers thereof. 

The subject compounds are useful in a method of modulating 
chemokine receptor activity in a patient in need of such modulation comprising the 
administration of an effective amount of the compound. 

The present invention is directed to the use of the foregoing 
compounds as modulators of chemokine receptor activity. In particular, these 
compounds are useful as modulators of the chemokine receptors, in particular CCR-2. 

The utility of the compounds in accordance with the present invention 
as modulators of chemokine receptor activity may be demonstrated by methodology 
known in the art, such as the assay for chemokine binding as disclosed by Van Riper, 
et al., J. Exp. Med ., 177, 85 1-856 (1993) which may be readily adapted for 
measurement of CCR-2 binding. 

Receptor affinity in a CCR-2 binding assay was determined by 
measuring inhibition of 125I-MCP-1 to the endogenous CCR-2 receptor on various 
cell types including monocytes, THP- 1 cells, or after heterologous expression of the 
cloned receptor in eukaryotic cells. The cells were suspended in binding buffer (50 
mM Hepes, pH 7.2, 5 mM MgCl 2 , .1 mM CaCl 2 , and 0.50% BSA) with and added to 
20 test compound or DMSO and ,2S I-MCP-1 at room temperature for 1 h to allow 
binding. The cells were then collected on GFB filters, washed with 25 mM Hepes 
buffer containing 500 mM NaCl and cell bound ,25 I-MCP-1 was quantified. 

In a chemotaxis assay chemotaxis was performed using T cell depleted 
PBMC isolated from venous whole or leukophoresed blood and purified by Ficoll- 
25 Hypaque centrifugation followed by resetting with neuraminidase-treated sheep 

erythrocytes. Once isolated, the cells were washed withHBSS containing 0.1 mg/ml 
BSA and suspended at lxlO 7 cells/ml. Cells were fluorescently labeled in the dark 
with 2 uM Calcien-AM (Molecular Probes), for 30 min at 37° C. Labeled cells were 
washed twice and suspended at 5xl0 6 cells/ml in RPMI 1640 with L-glutamine 
30 (without phenol red) containing 0.1 mg/ml BSA. MCP-1 (Peprotech) at 10 ng/ml 
diluted in same medium or medium alone were added to the bottom wells (27 uJ). 
Monocytes (150,000 cells) were added to the topside of the filter (30 |il) following a 
15 min preincubation with DMSO or with various concentrations of test compound. 
An equal concentration of test compound or DMSO was added to the bottom well to 
35 prevent dilution by diffusion. Following a 60 min incubation at 37° C, 5 % C0 2 , the 
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filter was removed and the topside was washed with HBSS containing 0.1 mg/ml 
BS A to remove cells that had not migrated into the filter. Spontaneous migration 
(chemokinesis) was determined in the absence of chemoattractant 

In particular, the compounds of the following examples had activity m 
5 binding to the CCR-2 receptor in the aforementioned assays, generally with an IC 50 
of less than about 1 uM. Such a result is indicative of the intrinsic activity of the 
compounds in use as modulators of chemokine receptor activity. 

Mammalian chemokine receptors provide a target for interfering with 
or promoting eosinophil and/or lymphocyte function in a mammal, such as a human. 
10 Compounds which inhibit or promote chemokine receptor function, are particularly 
useful for modulating eosinophil and/or lymphocyte function for therapeutic purposes. 
Accordingly, compounds which inhibit or promote chemokine receptor function 
. would be useful in the prevention and/or treatment of a wide variety of inflammatory 
and immunoregulatory disorders and diseases, allergic diseases, atopic conditions 
15 including allergic rhinitis, dermatitis, conjunctivitis, and asthma, as well as 
autoimmune pathologies such as rheumatoid arthritis and atherosclerosis. 

For example, an instant compound which inhibits one or more 
functions of a mammalian chemokine receptor (e.g., a human chemokine receptor) 
may be administered to inhibit (i.e., reduce or prevent) inflammation. As a result, one 
20 or more inflammatory processes, such as leukocyte emigration, chemotaxis, 
exocytosis (e.g., of enzymes, histamine) or inflammatory mediator release, is 

inhibited. . 

In addition to primates, such as humans, a variety of other mammals 

can be treated according to the method of the present invention. For instance, 

25 mammals including, but not limited to, cows, sheep, goats, horses, dogs, cats, guinea 

pigs, rats or other bovine, ovine, equine, canine, feline, rodent or murine species can 

be treated. However, the method can also be practiced in other species, such as avian 

species (e.g., chickens). 

Diseases and conditions associated with inflammation and infection 
30 can be treated using the compounds of the present invention. In a preferred 

embodiment, the disease or condition is one in which the actions of lymphocytes are 
to be inhibited or promoted, in order to modulate the inflammatory response. 

Diseases or conditions of humans or other species which can be treated 
with inhibitors of chemokine receptor function, include, but are not limited to: 
35 inflammatory or allergic diseases and conditions, including respiratory allergic 
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diseases such as asthma, particularly bronchial asthma, allergic rhinitis 
hypersensitivity lung diseases, hypersensitivity pneumonitis, eosinophil* pneumonias 
(e k Loeffler's syndrome, chronic eosinophilic pneumonia), delayed-type 
hy^e'rsentitivity, interstitial lung diseases <JU» (e.g., idiopathic pulmonary fibrosis, or 
TLD associated with rheumatoid arthritis, systemic lupus erythematosus, ankylosing 
spondylitis, systemic sclerosis, Sjogren's syndrome, polymyosms or 
dermatomyositis); systemic anaphylaxis or hypersensitivity responses, drug allergies 
(e g to penicillin, cephalosporins), insect sting allergies; autoimmune leases, such 
as rheumatoid arthritis, psoriatic arthritis, multiple sclerosis, systemic lupus 
, erythematosus, myasthenia gravis, juvenile onset diabetes; glomerulonephntis, 
autoimmune thyroiditis, Behcet's disease; graft rejection (e.g., in transplantation), 
including allograft rejection or graft-versus-host disease; inflammatory bowel 
diseases, such as Crohn's disease and ulcerative colitis; spondyloarthropathies; 
scleroderma; psoriasis (including T-cell mediated psoriasis) and inflammatory 
5 dermatoses such an dermatitis, eczema, atopic dermatitis, allergic contact dermatitis, 
urticaria; vasculitis (e.g., necrotizing, cutaneous, and hypersensitivity vasculitis); 
eosinphilic myositis, eosinophilic fasciitis; cancers with leukocyte infiltration of the 
skin or organs. Other diseases or conditions in which undesirable inflammatory 
responses are to be inhibited can be treated, including, but not limited to, reperfusion 
,0 injury, atherosclerosis, certain hematologic malignancies, cytokine-induced toxicity 
(e g septic shock, endotoxic shock), polymyositis, dermatomyositis. 

Diseases or conditions of humans or other species which can be treated 
with modulators of chemokine receptor function, include, but are not limited to: 
immunosuppression, such as that in individuals with immunodeficiency syndromes 
25 such as ADDS or other viral infections, individuals undergoing radiation therapy, 
chemotherapy, therapy for autoimmune disease or drug therapy (e.g., corticosteroid 
therapy) which causes immunosuppression; immunosuppression due to congenital 
■ deficiency in receptor fun^^^ t . 

parasitic diseases, including, but not limited to helminth infections, such as nematodes 

30 UndwormsMTrichuri^^^ 

Trichinosis, filariasis), trematodes (flukes) (Schistosomiasis, Clonorchiasis), cestodes 
(tape worms) (Echinococcosis, Taeniasis saginata, Cysticercosis), visceral worms 
visceral larva migraines (e.g., Toxocara), eosinophilic gastroenteritis (e g., Anisaki 
S p.,Phocanemasp.), and cutaneous la™ ^ 

Ancylostoma caninum). In addition, treatment of the aforementioned inflammatory, 



35 
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allergic and autoimmune diseases ean also be contemplated for promoters of 
chemokine receptor function if one contemplates the delivery of suffictent compound 
,„ cause the loss of receptor expression on cells through the induchon of chemokme 
receptor internalization or delivery of compound in a manner that results ,n the 
misdirection of the migration of cells. ^.,,i„,K, 
The compounds of the present invention are accordmgly useful m the 
prevention and treatment of a wide variety of inflammatory and immunoregulatory 
Lorders and diseases, allergic conditions, atopic conditions, 
pathologies. In a specific embodiment, the present invention ,s dtrected to the use of 
, CS* compounds for the prevention or treatment of autoimmune diseases, such 

as rheumatoid arthritis or psoriatic arthritis. 

In another aspect, the instant invention may be used to evaluate 

putative specific agonists or antagonists of chemokine receptors, indudmg CCBA 
Accordingly, the present invention is directed to the use °' 
5 preparation and execution of screening assays for compounds wh.ch modulate the 
Lvi«y of chemokine receptors. For example, the compounds of 
u^ful for isolating receptor mutants, which are excellent screemng tools for more 
potent compounds. Furthermore, the compounds of this invention are useful m 
establishing or determining the binding site of other compounds to chemolane 
,0 Corn, e g., by competitive inhibition. The compounds of the instan, mvenuon are 
* alsousefulfortheevaluadonofpumtivespeciflcmodulatorsofthcchemolone 

agonist and antagonists of the above chemokine receptom has been hamper* lb, me 
likof availability of non-peptidyl (metabolically resistant) compounds w.th h.gh 
25 bindingafflnityfortheserecep.ors.Tnusmecompoundsofmisinvenhonare 

commercial products to be sold for these purposes. 

The present invention is further directed to a method for the 
manufacture of a medicament for modulating chemokine receptor activity m humans 
and animals comprising combining a compound of the present inventton w,th a 
30 oharmaceutical carrier or diluent. 

The present invention is further directed to the use of the present 
compounds in the prevention or treatment of infection by a retrovirus, in particular 
herpes vims or the human immunodeficiency vims (HIV) and *e 
delaying of the onset of consequent pathological conditions such as AIDS Treating 
35 AIDS or preventing or treating infection by HW is defined as including, but not 
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limited to, treating a wide range of states of HTV infection: AIDS, ARC (AIDS 
related complex), both symptomatic and asymptomatic, and actual or potential 
exposure to HTV. For example, the compounds of this invention are useful ,n treating 
infection by HTV after suspected past exposure to HIV by, e.g., blood transfusion, 
organ transplant, exchange of body fluids, bites, accidental needle stick, or exposure 

to patient blood during surgery. 

In a preferred aspect of the present invention, a subject compound may 
be used inamethod of inhibiting the binding of a chemokine to a chemokine receptor, 
such as CCR-2, of a target cell, which comprises contacting the target cell with an 
amount of the compound which is effective at inhibiting the binding of the chemolane 

to the chemokine receptor. a 
The subject treated in the methods above is a mammal, preferably a 
human being, male or female, in whom modulation of chemokine receptor activity is 
desired. 'Modulation" as used herein is intended to encompass antagonism, agonism, 
partial antagonism, inverse agonism and/or partial agonism. In a preferred aspec of 
the present invention, modulation refers to antagonism of chemokine receptor activity. 
The term "therapeutically effective amount" means the amount of the subject 
compound that will elicit the biological or medical response of a tissue, system, 
animal or human that is being sought by the researcher, veterinarian, medical doctor 

20 or other clinician. 

The term "composition" as used herein is intended to encompass a 

product comprising the specified ingredients in the specified amounts, as well as any 
product which results, directly or indirectly, from combination of the specified 
ingredients in the specified amounts. By "pharmaceutical* acceptable it is meant 
25 mHartier, diluent or excipient must be compatible with the other ingredients of the 
formulation and not deleterious to the recipient thereof. 

The terms "administration of and or "administering a compound 
should be understood to mean providing a compound of the invention to the 
individual in need of treatment. 
30 As used herein, the term "treatment" refers both to the treatment and to 

the prevention or prophylactic therapy of the aforementioned conditions. 

Combined therapy to modulate chemokine receptor activity and 
thereby prevent and treat inflammatory and immunoregulatory disorders and diseases, 
including asthma and allergic diseases, as well as autoimmune pathologies such as 
35 rheumatoid arthritis and atherosclerosis, and those pathologies noted above 1S 
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illustrated by the combination of the compounds of this invention and other 
compounds which are known for such utilities. 

For example, in the treatment or prevention of inflammation, the 
present compounds may be used in conjunction with an antiinflammatory or analgesxc 
agent such as an opiate agonist, a lipoxygenase inhibitor, such as an inhibitor of 5- 
lipoxygenase, a cyclooxygenase inhibitor, such as a cyclooxygenase-2 inhibitor, an 
interleukin inhibitor, such as an interleukin-1 inhibitor, an NMDA antagonist, an 
inhibitor of nitric oxide or an inhibitor of the synthesis of nitric oxide, a non-steroidal 
antiinflammatory agent, or a cytokine-suppressing antiinflammatory agent, for 
, example with a compound such as acetaminophen, aspirin, codeine, embrel, fentanyl, 
ibuprofen, indomethacin, ketorolac, morphine, naproxen, phenacetin, proxicam, a 
steroidal analgesic, sufentanyl, sunlindac, tenidap, and the like. Similarly, the instant 
compounds may be administered with a pain reliever; a potentiator such as caffeine 
an ffi-antagonist, simethicone, aluminum or magnesium hydroxide; a decongestant 
5 such as phenylephrine, phenylpropanolamine, pseudophedrine, oxymetazolme, 
epinephrine, naphazoline, xylometazoline, propylhexedrine, or levo-desoxy- 
ephedrine; an antitussive such as codeine, hydrocodone, caramiphen, carbetapentane, 
or dextramethorphan; a diuretic; and a sedating or non-sedating antihistamine. 

likewise, compounds of the present invention may be used m 
,0 combination with other drugs that are used in the treatment/prevention/suppression or 
' amelioration of the diseases or conditions for which compounds of the pressent 
invention are useful. Such other drugs may be administered, by a route and in an 
amount commonly used therefor, contemporaneously or sequentially with a 
compound of the present invention. When a compound of the present invention » 
25 used contemporaneously with one or more other drugs, a pharmaceutical composition 
containing such other drugs in addition to the compound of the present invention is 
preferred. Accordingly, the pharmaceutical compositions of the present invention 
include those that also contain one or more other active ingredients, in addition to a 
compound of the present invention. 
30 Examples of other active ingredients that may be combined with a 

compound of the present invention, either administered separately or in the same 
pharmaceutical compositions, include, but are not limited to: (a) VLA-4 antagonist 
suchas those described in US 5,510,332, W095/15973, WO96/01644, WO96/06108, 
WO96/20216, W096/22966, WO96/31206, WO96/40781, WO97/03094, 
35 WO97/02289, WO 98/42656, W098/53814, W098/53817, W098/53818, 
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WO98/54207, and WO98/58902; (b) steroids such as beclomethasone, 
methylprednisolone, betamethasone, prednisone, dexamethasone, and W™° n "°™> 
(c) immunosuppressants such as cyclosporin, tacrolimus, rapamycin and other FK-506 
type immunosuppressants; (d) antihistamines (Hl-histamine antagonists) such as 
bromopheniramine, chlorpheniramine, dexchlorpheniramine, triprolidine clemastine, 
diphenhydramine, diphenylpyraline, tripelennamine, hydroxyzine, methdtlazme, 
promethazine, trimeprazine, azatadine, cyproheptadine, antazoline, phemrarmne 
pyrilamine, astemizole, terfenadine, lotatadine, desloratadine, cetirizine, fexofenadine, 
descarboethoxyloratadine, and the like; (e) non-steroidal anti-asthmatics such as fS2- 
agonists (terbutaline, metaproterenol, fenoterol, isoetharine, albuterol, bitolterol, and 
pirbuterol), theophylline, cromolyn sodium, atropine, ipratropium bromide 
leukotriene antagonists (zafirlukast, montelukast, pranlukast, iralukast ^PO^kast, 
SKB-106 203), leukotriene biosynthesis inhibitors (zileuton, BAY-1005); (f) non- 
steroidal antiinflammatory agents (NSAIDs) such as propionic acid derivatives 
(alminoprofen, benoxaprofen, bucloxic acid, carprofen, fenbufen, fenoprofen, 
fluprofen, flurbiprofen, ibuprofen, indoprofen, ketoprofen, miroprofen, naproxen, 
oxaprozin, pirprofen, pranoprofen, suprofen, tiaprofenic acid, and tioxaprofen), acetic 
acid derivatives (indomethacin, acemetacin, alclofenac, clidanac, diclofenac, 
fenclofenac, fenclozic acid, fentiazac, furofenac, ibufenac, isoxepac, oxpmac, 
sulindac, tiopinac, tolmetin, zidometacin, and zomepirac), fenamic acid derivatives 
(flufenamic acid, meclofenamic acid, mefenamic acid, niflumic acid and tolfenamic 
acid), biphenylcarboxylic acid derivatives (diflunisal and flufenisal), oxicams 
(isoxicam, piroxicam, sudoxicam and tenoxican), salicylates (acetyl salicylic acid, 
sulfasalazine) and the pyrazolones (apazone, bezpiperylon, feprazone, mofebuta^one, 
25 oxyphenbutazone, phenylbutazone); (g) cyclooxygenase-2 (COX-2) inhibitors; (h) 
inhibitors of phosphodiesterase type IV (PDE-IV); (i) other antagonists of the 
chemokine receptors, especially CCR-1, CCR-2, CCR-3, CXCR-3 and CCR-5; 0) 
• cholesterol lowering agents such as HMG-CoA reductase inhibitors (lovastatin, 
simvastatin and pravastatin, fluvastatin, atorvastatin, rosuvastatin, and other statins), 
30 sequestrants (cholestyramine and colestipol), cholesterol absorption mhibitors 
(ezetimibe), nicotinic acid, fenofibric acid derivatives (gemfibrozil, clofibrat, 
fenofibrate and benzafibrate), and probucol; (k) anti-diabetic agents such as insulin, 
sulfonylureas, biguanides (metformin), cx-glucosidase inhibitors (acarbose) and 
glitazones (troglitazone and pioglitazone); (1) preparations of interferon beta 
35 (interferon beta-la, interferon beta-IP); (m) other compounds such as 5- 

-24- 



20 



21030PV 



areinosalieylic add and prodrugs thereof, antimetabohtes such as azathiopnne and 6 
mareaptopurine, and cytotoxic cancer chemotharapeutic agents 

The weight ratio of the compound of the present invention to the 

, each ingredient. O^-^^^S^toST 
when a compound of the present invention is combmed wtth an NSAID the weigh. 
roUheLpoundofmepreseutinventiontomeNS^wmgene^yrange 

tomaboutlOW-.ltoaboutl-.lOOO.preferablyabou.mitoaboutl.m 
0 wiil geueraily aiso be within me aforementioned range, but re. each case, an effective 

active asents may be administered separately or in conjunction. In addition, the 
SSL 0 f y onee,ementmaybeprior K »concu n entto,orsubse q uent,o,he 

15 — • ^?S1S^*p— —r"* 

narenteral (e g intramuscular, intraperitoneal, intravenous, ICV, intracistemal 

s^^-*~^-^*^,rss 

v lal roctai, subungual, or topical routes of administration and may ^ 

20 St together, in suitable dosage unit formularions containing conventual non- 

S pharmaceuttcally accept carriers, adjuvant and vehicles approbate for 

llrouTof administration, in addition to the treatment of warm-blooded annua* 

SS* worses, cattle, sheep, dogs, cats, monkeys, me compounds of 

the invention are effective for use in humans. '. . .. .,.„ 

« The pharmaceutical compositions for the admrntstration of *e 

may be prepared by any of the methods well known in the art of pharmacy. All 

include me step o, bringing the active ingredient into association with the 
earner which constitutes one or more accessory ingredients. In general the 

active ingredient into association with a hquid earner or a nnely oivio 
SSd men. if necessary, shaping the product into the desired formulae. In 

sufficient to produce the desired effect upon die process or condition of diseases. As 
35 SS--«-*«-*^*^»-^'^"^ 



the specified ingredients in the specified amounts, as well as any product which 
results, directly or indirectly, from combination of the specified ingredients in the 

specified amounts. 

The pharmaceutical compositions containing the active ingredient may 
5 be in a form suitable for oral use, for example, as tablets, troches, lozenges, aqueous 
or oily suspensions, dispersible powders or granules, emulsions, hard or soft capsules, 
or syrups or elixirs. Compositions intended for oral use may be prepared according to 
any method known to the art for the manufacture of pharmaceutical compositions and. 
such compositions may contain one or more agents selected from the group consisting 
10 of sweetening agents, flavoring agents, coloring agents and preserving agents in order 
to provide pharmaceutically elegant and palatable preparations. Tablets contain the 
active ingredient in admixture with non-toxic pharmaceutically acceptable excipients 
which are suitable for the manufacture of tablets. These excipients may be for 
example, inert diluents, such as calcium carbonate, sodium carbonate, lactose, calcium 
15 phosphate or sodium phosphate; granulating and disintegrating agents, for example, 
corn starch, or alginic acid; binding agents, for example starch, gelatin or acacia, and 
lubricating agents, for example magnesium stearate, stearic acid or talc. The tablets 
may be uncoated or they may be coated by known techniques to delay disintegration 
and absorption in the gastrointestinal tract and thereby provide a sustained action over 
20 a longer period. For example, a time delay material such as glyceryl monostearate or 
glyceryl distearate may be employed. They may also be coated by the techniques 
described in the U.S. Patents 4,256,108; 4,166,452; and 4,265,874 to form osmotic 
therapeutic tablets for control release. 

Formulations for oral use may also be presented as hard gelatin 
25 capsules wherein the active ingredient is mixed with an inert solid diluent, for 

example, calcium carbonate, calcium phosphate or kaolin, or as soft gelatin capsules 
wherein the active ingredient is mixed with water or an oil medium, for example 
peanut oil, liquid paraffin, or olive oil. 

Aqueous suspensions contain the active materials in admixture with 
30 excipients suitable for the manufacture of aqueous suspensions. Such excipients are 
suspending agents, for example sodium carboxymethylcellulose, methylcellulose, 
hydroxy- propylmethylcellulose, sodium alginate, polyvinyl-pyrrolidone, gum 
tragacanth and gum acacia; dispersing or wetting agents may be a naturally-occurring 
phosphatide, for example lecithin, or condensation products of an alkylene oxide with 
35 fatty acids, for example polyoxyethylene stearate, or condensation products of 
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ethylene oxide with long chain aliphatic alcohols, for example heptadecaethylene- 
oxycetanol, or condensation products of ethylene oxide with partial esters denved 
from fatty acids and a hexitol such as polyoxyethylene sorbitol monooleate, or 
condensation products of ethylene oxide with partial esters derived from fatty acids 
and hexitol anhydrides, for example polyethylene sorbitan monooleate. The aqueous 
suspensions may also contain one or more preservatives, for example ethyl, or n- 
propyl, p-hydroxybenzoate, one or more coloring agents, one or more flavonng 
agents and one or more sweetening agents, such as sucrose or saccharin. 

Oily suspensions may be formulated by suspending the active 
ingredient in a vegetable oil, for example arachis oil, olive oil, sesame oil or coconut 
oil or in a mineral oil such as liquid paraffin. The oily suspensions may contain a 
thickening agent, for example beeswax, hard paraffin or cetyl alcohol. Sweetening 
agents such as those set forth above, and flavoring agents may be added to provide a 
palatable oral preparation. These compositions may be preserved by the addition of 

15 an anti-oxidant such as ascorbic acid. 

Dispersible powders and granules suitable for preparation of an 
aqueous suspension by the addition of water provide the active ingredient in 
admixture with a dispersing or wetting agent, suspending agent and one or more 
preservatives. Suitable dispersing or wetting agents and suspending agents are 
20 exemplified by those already mentioned above. Additional excipients, for example 
sweetening, flavoring and coloring agents, may also be present. 

The pharmaceutical compositions of the invention may also be m the 
form of oil-in-water emulsions. The oily phase may be a vegetable oil. for example 
olive oil or arachis oil, or a mineral oil, for example liquid paraffin or mixtures of 
25 these Suitable emulsifying agents may be naturally- occurring gums, for example 
gum acacia or gum tragacanth, naturally-occurring phosphatides, for example soy 
bean, lecithin, and esters or partial esters derived from fatty acids and hexitol 
anhydrides, for example sorbitan monooleate, and condensation products of the said 
partial esters with ethylene oxide, for example polyoxyethylene sorbitan monooleate. 
30 The emulsions may also contain sweetening and flavoring agents. 

Syrups and elixirs may be formulated with sweetening agents, for 
example glycerol, propylene glycol, sorbitol or sucrose. Such formulations may also 
contain a demulcent, a preservative and flavoring and coloring agents. 

The pharmaceutical compositions may be in the form of a sterile 
injectable aqueous or oleagenous suspension. This suspension may be formulated 



35 

- 27 



Cam' 



21030PV 



according to the known art using those suitable dispersing or wetting agenis and 
suspending agents which have been mentioned above. The steriie mjectable 
preparation may also be a sterile injectable solution or suspension ma non-mx.c 
parenteral.y-acceptable diluent or solvent, for example as a so.uhon in U-butane 
5 diol. Amongmeaecephmlevehidesandsolventethatmaybeemployedarewater 
Ringer's solution and isotonic sodium chloride solution, In addition, sten.e, fixed els 
are conventionally employed as a solvent or suspending medium. For thts purpose 
any bland fixed oil may be employed including synthetic mono- or dtglycendes. In 
addirion.fattyacidssuchasoleicacidflnduseinfceprepamdonofm^c.ablea. 

The compounds of the present invention may also be adrntmstered m 
theformofsuppositoriesforrectaladministrarionofutedrug. These compositions 
can be prepared by mixing fine drug with a suitable non-irritating <^**» 
solid at ordinary temperatures but liquid at the recta, temperature and wdl therefore 
melt in the rectum to release the drug. Such materials are cocoa butter and 

15 polyethylene glycols. 

For topical use, creams, ointments, jellies, soluuons or suspensions, 

etc., containing the compounds of the present invention are employed. (For purposes 
of this application, topical application shall include mouthwashes and gargles.) 

The pharmaceutical composition and method of the present mvenrion 
20 may further comprise other therapeutically active compounds as noted herem whtch 
" usually applied in the treatment of the above mentioned patho.og.cal condmons. 

In the treatment or prevention of conditions which requtre chemolone 
receptor modulation an appropriate dosage level will generally be about 0.01 to 500 
ma oer kg patient body weight per day which can be administered m smgle or 
25 XtedL. Prefcly S « K d O sa S ereve 1 ^beabo„t0. 1 «,^250mg*gper 
Cmore preferably about0.5 to about 100 mgfcg per day. A suitable dosage .evel 
J; be about 0.01 to 250 mg/kg per day, about 0.05 to 100 mg/kg per day, or about 
0.1,0 50 mg/kg per day. Within mis range the dosage may he 0.05 to 0.5 0.5 to 5 or 
5 to 50 mg/kg per day. For oral administration, the compositions are preferably 
30 pmvidedinthefon ll ofuble B con«ni»gl.OtolOOOmilligr^sof*eacuve 

Lgredient, particular., 1.0, 5.0, 10.0, 15.0. 20.0, 25.0, 50.0, 75.0 100.0, 150.0, 20CU), 
250 0 300 0, 400.0, 500.0, 600.0, 750.0. 800.0, 90O.O, and 1000.0 mtlhgrams of the 
active ingredient for the symptomatic adjustment of the dosage to the pa-entm be 
treated. Se compounds may be administered on a regimen of 1 to 4 tunes per day. 
35 preferably once or twice per day. 
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It will be understood, however, that the specific dose level and 
frequency of dosage for any pariicuiar patient may be varied and wil. depend upon a 
variety of factors including the activity of the specific compound emptayed. the 
„JLc stabiHty and iength of action of tha, compound, the age. 
general health, sex, diet, mode and time of administration, rate of excretion, dmg 
c ^nation, me severity of the particmar condition, and the host undergoing thettpy. 

Several methods for preparing the compounds of m.s mvenhon are 
ifiustrated in the following Schemes and Examples. Starting materials are made by 
known procedures or as illustrated. 

Miowing Schemes and Examples. Starting materials are made by known procedures 
or as illustrated. 

SCHEME J 



15 



<x r13 + 



o 
1-1 



OH 




1-4 
O 



vJv fr° 



P('PrO) 3 
PdtOAc) 2 

O 



HNR 10 R 2 (1-5) 



-H 2 0 




1-3 




,R2 



R 1 fr° 



1-6 



R° 



[H] 



1-7 



o 3 



UV fr° 

la 



The preparation of compounds within the scope of the instant invention 
which bearal,l,3-trisubstitutedcyclopentane framework is detailed in Scheme 1 
Treatment of an acrylate such as 1-1 with commercially available ^[(trimethylsdyl)- 
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paHadiumaceU.e.nd^.opropy.phospW.eCoromerPd equivalent) in Tiff , 
Lo I d i ng t oa k nownprccenu re Crro S ,3.M.,Chan,D.M.T.X Am. C^m. S0 , 1983, 
,05 2315) affords t „e LsnbsUcnted-^ene cartoxyla.e 1-3. R» represents an 
5 aM such as many., e*y>, ^ or benzy. which serves as a P"**"""* 

(G Le, T-, Wuts, P. G. M. ■» <*««* S « ,0hn i W ' tey d ? 4 

Sons, inc.. New York, NY 1991). Conversion of ester 1-3 to the carboxylic acid M 
ean be achieved by a number of conditions depending on the nature of he esten For 

,0 lithium hydroxide; fcrf-buty. ester ean be removed by treatment with TFA. ^Coupling 

amidebond formation conditions using a coup.ing reagent such as DCC, EDC and a 
catalyst such as DMAP, HOBT or HOAT. Oxidation of the olefin 1-6 to the 
1-7 can be eerier, eu, under numerous conditions, such as with ozone followed by 
a treatment with methyl aulf.de or ,ripheny.phosphine, with osmium tetroxide and 

sodiumperioda^seeMarch,. "Advanced Organic Chemistry", 4m ed., John Wile, 
* Sons, New York, pp. 1167-1171 (1992)). Reductive aminauon with cyclic amme 
1.8 in the presence ofaborohydride such aa sodium triacetoxyborohydnde or sodium 
eyanoborohydridethenprovidestheeompoundofformulala. 
20 MernaUvely.eompoundsofformulalamaybepreparedinonepotby 

^uebveaminadonofdieozonidewithouteonvermigittotheketone. Substituuons 
rinonlandSonthecyc.openmneringemater.four isomers. These isomerscan 

depending on the nature of the separations. 



25 
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SCHEME 1A 




,R 13 



1-3a 




X 



1-10 X = CN,COO t Bu 
1-3d 



The preparation of olefin-esters 1-3 as intermediates can also be 
achieved through the commercially available methyl 3-methylene-l-methyl- . 
cyclopentane carboxylate, as depicted in Scheme 1A. The methyl ester can be 
converted to other esters depending on need. Direct alkylation of l-3a to give l-3b 
can be achieved by ah alkyl halide such as a bromide 1-8 and a strong base such as 
sodium, lithium or potassium hexamethyldisilazide, lithium diisopropylamide, and the 
like. Aldol reduction of an enolate of l-3a with a ketone or aldehyde 1-9, as well as 
Michael additions with bromocrotonates 1-10 followed by ring closure yield the aldol 
l-3c and cyclopropylsubstituted intermediates l-3d, respectively. These compounds 
can be then converted to the compound of formula la according to Scheme 1 . 
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1-3 

R 3 f 



R 1 
2-1 



r,3 R 

R I 




O HNR 10 R 2 (1-5) 
OH "~ ' 



R 3 F 



0-1 



R 




N 

R 1 R 10 



2-3 



la 



As depicted in Scheme 2, the Cl-substituted alkyl 3-methylene- 
cyclopentanecarboxylate (intennediate 1-3) could be converted to intermediate ketone 
2-1 by ozonolysis of the olefin group in position 3 of the cyclopentane ring, followed 
by reduction of the formed ozonide, as described for intermediate 1-7. The ketone 2-1 
could be in turn reductively aminated with amine 1-5 to form the amino ester 2-2 
under a variety of conditions, including sodium triacetoxyborohydride or sodium 
cyanoborohydride. The intermediate ozonide could be also successfully subjected to 
above mentioned conditions of reductive amination with amines 1-5 to form the esters 
2-2 directly in a one pot operation, similarly to that described above. 

The intermediate esters 2-2, formed in the above mentioned 
transformations represent in general a mixture of 1,3-cfc- and 1,3-trans- 
diastereoisomers, which could be separated into respective diastereoisomenc pans 
using column chromatography. A similar diastereoisomenc separation could be also 
accomplished later, after the esters 2-2 were hydrolytically cleaved to yield the 
respective acids 2-3. This hydrolysis was readily accomplished under usual 
conditions, including lithium, sodium or potassium hydroxide, at ambient to elevated 
temperatures, depending on the nature of the ester group and substituent R . These 
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diastereoisomers could be separated by crystallization from a variety of solvents, 
taking advantage of the finding, that the m-diastereoisomeric acids are less soluble, 
when compared to their trans- epimers. 

The compounds of formula la are then formed from the acids 2-3 and 
amines 1-5 under standard amide-bond forming reaction conditions, including 
carbodiimide reagents, such as DCC, EDC and catalysts such as DMAP, HO AT or 



HOBT. 



SCHEME 3 



\ — ' H 




TsOH 



H + 



1-7a 

10 Preparation of the ketone 1-7 for use as an intermediate in the synthesis 

of compounds in the instant invention can be alternatively achieved as shown in 
Scheme 3. The known 3-oxocyclopentane carboxylic acid 3-1 (Stetter & Kuhlmann, 
Liebigs Ann. Chem. 1979, 944-949) is converted to ester 2-la through conventional 
esterification conditions. The tert-Butyl ester was conveniently prepared by reaction 
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of isobutylene, generated from fcrt-butyl alcohol with an appropriate acid m situ 
(Wright S.W., Hageman, D.L., Wright, A.S., McClure, L.D. Tetrahedron Lett., 1997, 
38, 7345) or using RN'-diisopropyl-O^^-Butyl-^-urea (Burk, R.M., Berger, G.D., 
Bugianesi, R.L., Girotra, N.N., Parsons, W.H., Ponpipom, M.M. Tetrahedron Lett., 
1993 34 975) as a convenient reagent. Treatment of 2-la with tnmethyl 
orthoformate in the presence of a catalytic acid such as p-toluenesulfonic aad, gives 
the dimethyl acetal 3-2. Conversion of 3-2 to 3-3 can be achieved through alkylation 
or aldol condensation as shown in Scheme 1 A. Conversion of esters 3-3 to the 
C arboxyUcacids3-4canbeachievedbyanumber 0 fconditionsdependingonthe 

nature of the ester. For example, methyl or ethyl esters can be readily saponified with 
sodium hydroxide, or lithium hydroxide; benzyl ester can be cleaved through 
palladium catalyzed hydrogenolysis. These conditions of ester removal are espeaally 
advantageous when Intermediates 3-3 were synthesized from Intermediate 3-2 by an 
alkylation reaction. Coupling of the acid 3-4 with amine 1-5 gives amide 3-5 can be 

accomplished by the standard amide bond formation conditions, as discussed above. 

Removal of the dimethyl acetal protecting group from 3-5 can be accomplished by 

treatment of the acetal 3-5 with an acid such as TFA or hydrogen chlonde. 

Intermediate l-7a can be then easily converted to the compound of formula la m a 

reductive amination step as described in Scheme 1 . 



3 




SCHEME 3 A 

O HNR 10 R 2 (1-5) 



OH 



1-7a 



-HoO 



3-3a 

In the case where R 13 in 3-3 is tert-butyl (3-3a in Scheme 3 A), the 
removal of the ester and the acetal groups can conveniently accomplished in an one- 
25 pot operation using acids, such as TFA or hydrogen chloride as reagent, applied neat 
or in an appropriate solvent, as depicted in Scheme 3 A. Conversion of the 
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intermediate fceto-acids 3-6 to the respective keto-amids 1-7 a could be accomplished 
the present compounds follows the above described conditions. 



SCHEME 4 




ry R base 



4-1 a 
4 



4-1 




4-2 



(2) PCC VJ^Ri \— 1 R 
4-4 



4-6 



(1) BH 3 

(2) H 2 0 2 



(COCI) 2 
DMSO 
Et 3 N y 



4-5 



3-6 



SOCI 2 



R 2 NHR 10 



R 2 NHR 10 
-HCI 



1-7a 



-H 2 0 



Scheme 4 shows an alternative method in the preparation of the 

intermediate^^ 
10 (Depres, J.-P, Greene, A. E. J. Org. Chem. 1984, 49, 928-931) can be alkylated 
accordingtotheproceduresfromSchemelAtogivecompound4-l. Thesame 

intermediate 4-1 can be synthesized by a ring-forming reaction, in which the 
substituted acetic ester 4-3 is dialkylated with ^-l,4-dichloro-2-butene 4-2 usmg a 
strong base such as sodium hydride, sodium, lithium or potassium hexamethyl- 
15 disilazide, lithium diisopropylamide, and the like in an appropriate solvent such as 

DMF,DMPU,DMEoramixtureofthem (Depres, J.-P.; Greene, A. E. J. Org. Chem. 

1984,49,928-931). 
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Hydroboration of olefin 4-1, followed by oxidation with PCC affords 
the ketone 4-4. Replacing the PCC in the previous sequence by milder hydrogen 
peroxide, the Intermediate alcohols 4-5 could be obtained. Their oxidation, e.g. by 
DMSO and oxalyl chloride/triethylamine (Mancuso, A.J., Huang, S-L., Swern, D. J. 
Org Chen,. 43, 2480 (1978)) afforded the above mentioned keto-esters 4-4 which 
could be transformed into the carboxylic acids 3-6 by a number of conditions 
depending on the nature of the ester. For example, methyl or ethyl esters can be 
rea di.y saponified with sodium hydroxide, or lithium hydroxide; benzyl ester can be 
cleaved through palladium catalyzed hydrogenolysis; rert-butyl ester can be removed 
by treatment with TFA. The acids 3-6 were coupled with amines 1-5 as descnbed 

above to form Intermediates l-7a. 

Alternatively, under standard acid-chloride forming reaction conditions 
(e g thionyl chloride, oxalyl chloride and such), intermediates 3-6 could be converted 
into the respective acyl chlorides 4-6, andreacted with amines 1-5 to form the keto 
amides l-7a. The last reaction required a presence of an appropriate base m order to 
neutralize the forming hydrogen chloride. 



SCHEMES 



base 



/nxn 0) BH3 o^V cn 

\JW (2) PCC V_/r 1 



1-8 



R CN ~~^T * ' ° 1 m pcc \— J r 1 n 

3 R 5 R 3 ? 
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20 
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As depicted to Scheme 5, the intermediate amino acids 2-3 couldbe 
Schemed A.MationoftoetotnleWwithci.-l.^ichtoro-^neC^as 

aforementioned conditions yields the ammo n.tnles conversion 
^ringc^yUcacidWcanbeachievedbystiningatmfluxvv.thabase 

LJand^dias^isomeHcaeidsformedtomehydm.ys.sstencan 

lonnld soivetos, DMF.BMSO or mixtures thereof. Tmnsformafon of « to*e 
I™undo (f o„nu 1 a I acanmenach i evedh,amide f orma«on re acnons™, hl -5as 



described in Scheme I. 

15 
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R 4 
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6-5 
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Scheme 6 shows the preparation of optically pure compounds from 
optical pure (SVS-oxocyclopentane carboxylic acid 3-la (Sung, S-Y., Prahm, A.W 
Arc* 1996. 329, 291-300). Acid 6-1 is protected as to ester 6-2 

under conditions described in Scheme 3 for the racemic material. Reductive 
anunation with amine 1-8 gives a mixture of cis and trans diastereoisomers, wmch are 
homochiral atcarbonCl of the cyclopentane ring. These can be readily separafcd by 
column chromatography into the homochirel cis- and homochiral rr^-enantiomer. 
This separation can be performed in the later stage of the synthesis: after the reductive 
aminatio, step Ore ester protecting group cun be removed and the resulting ammo acrd 
can be separated by crystallization, where the desired cis isomer preferably crys.all.zes 
over its trans epimer in a variety of solvents. The acid can then be convened back to 
are ester 6-3 under above mentioned esterification conditions. Alkylation of the ester 
6-3 under conditions described in Scheme 1A affords homochiral material 6-4 after 
chromatographic separation from the trans isomer. Once again, the separation of the 
cis. and trans isomers could be achieved after the ester protecting group was removed 
by simple crystallization under conditions similar to those mentioned above. 
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Converting ft. earer 6-4 ,o acid 6-5 is aceomplished by appropriate 
conditions depending on tin, nature o, the este, Transformation of .he chmd ac.d 6-5 




SCHEME 7 
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1-8a 

7-4a 



Amines 1-8 may be commercially available or may be prepared 
according.oavarie^ofanownapproacheaf.om.heH.era.nre. One approach we 
^nsiisoodinedinscheme^andisdetivedfremd.e.— repoof^ 
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TFA in DCM or HC1 in dioxane gives the amines l-8a. Intermediates 7-3a may also 
be prepared in two steps by addition of Grignard reagents or heteroaryl lithium 
reagents to compounds 7-1. (where R 14 is, for example, benzyl), followed by acid 
mediated dehydration. 

SCHEME 7A 

Heterocycle 

l 2 . P ph 3- 1 ) activated Zn 



10 





imidazole N 2 \ 

R Heterocycle 



L A ./I, Br or CI 




7Ra Pd 2 (dba) 3 7 -4a 

7 " 5a 7 6a P(2-furyl) 3 

Alternatively intermediates such as 7-4a can be prepared from piperidinols 7-5a. 
Conversion of 7-5a to iodides 7-6a can be accomplished by a number of methods 
including treatment with I 2 , PPh 3 , and imidazole in acetonitrile. Preparation of the 
organozinc reagent and transition metal mediated coupling to a variety of heteroaryl 
halides was achieved according to the procedure of Billotte (Billotte, S. Synlett 1998, 
379.). 

SCHEME 8 
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Heterocycle 



Heterocycle 




-R 



14 




15 



1-8 

Amines 1-8 may alternatively be prepared according to Scheme 8. 

P^tectedhyd^yam^^ fc rf 

condition, Displacement with heterocycles with active NH groups is accomplished 
with a base such as sodium hydride in DMF or another appropriate solvent to give 7- 
4 Removal of the protecting group R" is accomplished using standard coupons 
depending on the nature of the protecting group; for example ,-butoxycarbonyl is 
removed with TFA/DCM or with HC1 in dioxane to give 1-8. 

Other amines 1-8 were prepared in a variety of ways, some of which 
are known from the literature, and some are described in detail in the experimental 
section of this document 

In some cases the order of carrying out the foregoing reaction schemes 
m ay be varied to facilitate the reaction or to avoid unwanted reaction products. ^The 
Lowing examples are provided for the purpose of further illustration only and are 
not intended to be limitations on the disclosed invention. 

Concentration of solutions was generally carried out on a rotary 
evanorator under reduced pressure. Flash chromatography was carried out on silica 

NMR spectra were obtained in CDC, 3 solution unless .otherwise 
noted. Coupling constants (J) are in hertz (Hz). Abbreviations: diethyl ether (ether), 
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triethy.amine (TEA), W-W-*- — * (Sa, ' d) ' 

compounds used in the fo.lowing Exampies or which can be substituted for the 
5 cZ^Lsusedin^fo.lowingExan.p.es.hichn^ynotbecon^^erc.aUy 

aVai,ab,e ' .„ some cases me order of carrying out the foregoing reaction schemes 
, . . to f , ci , itate the reaction or to avoid unwanted reaction products. The 

,0,(230.00 mesh). diethy, ether (ether), 

«--^«S*C=li T^for.,^ o^ofthe 
compounds used in the foi.owing dumpies or which can 
compounds use4in the fonowing Examples which maynot be comrnerctaUy 



20 available. 



O 

o ; A..^^* — CF 3 




CF 3 

Step A 

25 Methyl 3-Methylene-l-isopropylcyclopentane carboxylate 

A solution of diisopropylamine (530 hL, 3.76 mmol) in 

i ™ °r and nBuli (1-50 mL, 3.76 mmol, 2.5 

r rr s^s?* - - i 3— e 
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20 



carboxylate was added via syringe 15 minutes later, and the stirring at -78 C was 
continued for another 30 minutes. Isopropyl bromide (921 /iL, 9.81 mmol) was 
injected, and the resulting solution was allowed to warm up to + 5 °C overnight and 
stirred at room temperature for additional 8 ta. The reaction was a 
sat solution of ammonium chloride (50 mL) and extracted with diethyl ether (2 x 50 
mL) The combined organic extracts were washed with water (2 x 40 mL) bnne (1 x 
40 mL) dried (anh. magnesium sulfate) and the solvent was evaporated under reduced 
pressure (80 torr) to yield 340 mg (57 %) of product with satisfactory punty^ H 
NMR (500 MHz, CDCb) 4.86 (bs, 1H), 4.81 (bs, 1H), 3.67 (s, 3H), 2.87 (bd, 16.7 Hz, 
W.2 29 (m, 3H), 1.90 (m, 1H), 1.60 (m, 1H), 1.34 (d, 6.2 Hz, 1H), 0.93 (d, 3.7 Hz, 
3H),0.91(d,3.7Hz,3H). 

StepB: 3-Methylene-l-isopropylcyclopentanecarboxyhc acid 

A solution of the methyl 3-methylene-l- 
isopropylcyclopentanecarboxylate (Step A, 1.21 g, 6.64 mmol) in a mixture of 
dioxane (4 mL) and water (4 mL) containing 1 . 1 14 g (26.56 mmol) 
hydroxide monohydrate was homogenized with methanol, and stirred at 80 C for 48 
hrs The solvent was removed in vacuo, the residue was dissolved in water and the 
non-acidic components were extracted with diethyl ether (3 x 30 mL), combined 
ethers were back-washed with water (1 x 30 mL). The combined 
acidified with 2N HC1 and extracted with chloroform (6 x 30 mL), dried (anhydrous 
magnesium sulfate)and evaporated to dryness to leave 1.25 gof crude acid. It was 
used in the next reaction step without any further purification. 

Step C: 3,5-Bis(trifluoromethyl)benzyl 3-methylene-l-isopropylcyclopentane- 
carboxamide 



25 




The solution of 3-methylene-l-isopropylcyclopentanecarboxylic acid 
from the previous step (1.25 g, 7.44 mmol) 3,5-bis(trifluoromethyl)benzylamine 
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hydrochloride (2.08 g, 7.44 nunol). mmethylaminopyridine (111.0 mg,0.91 mmol) 
^ opmpy ethylamine (1.29 mL, 7.44 -) and IVVm*^***** 
2£ZZ* hyd.och.onde (EDC, 2.85 g, 14.9 — in dich.oreme.hane (50 
emy , „„,„,» f™- 24 his The reacdon mixture was diluted 

mL) was stirred at room temperature for 24 hrs. >" e re 

wit h diehloromethane (100 mL) and washed with water (3 x 50 mL), bn« (1x50 
S dried (anhydrous sodium sulfate) and the so.vent was evaporated unto reduced 
^ut The cLde product was purified vin mp.c (Lobar Fertigsaule, UC hroprep 
7T, m emy. aceta«La»es (1:4)) yie.ding910mg (31 «) of pure product^H 
Z(500mL,CDC.,) : 7.76(s,lH),7.70(s,m6.20(bs W 4^1^ 
1, lH),4.65(dd, I =15.70,6.40Hz, 1H), 4.50 (dd , = 15.505.7 Hz 1H> 

2 68 (bd, J = 16.20 Hz. 1H). 2.50 to 2.10 (bm, 4H), 1.96 (h, I = 6.9 Hz, 1H), 1.74 (m, 

1H), 0.87 (d, I = 6.9 Hz, 3H), 0.85 (d. J = 7.3 Hz, 3H). 



StepD: iS-Bis^flooromethyDbenzy! 3K,xo-l-iso P ropylcyclopeuta„e^arbozamide 



15 




20 
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A solution of 3>bis(trifluoromethyl)benzyl 3-methylene-l- 
isoprepyicyclopentane.arboxamide (910 mg, 2.31 -0 in »methane (50 
Z Z LZ to -78 «C and a stream o, ozone was passed through unbl^ 
permanent b,ue color indicated comple* consumption of **°'"™ 78 
ozone was purged with a stream of mtrogeo. and triphenylphosphme (729 mg, 2.78 
ZTwTadL. Theceolingbamwasremoved.aodthereactionrmxturewas 
HTstir a. ambient remperamre overnight The solvent was removed m vacuo, 

hexane/1 : 2) to give 760.7 mg (83 %) of the "^H! 2 ^dT-^ 
CDC): 7.81 (s, 1H), 7.74 (s, 2H). 6.16 (bs, 1H). 6.61 0*. 2ff), 2/78 (bd I - WOT 
Hz. 1H), 2.40 to 2.20 (bm, 4H), 2.08 - 1.98 (m, 2H), 0.99 (d, J = 6.86 Hz, 3H), 0.97 
(<LJ = 6.87Hz,3H). 

INTERMEDIATE 2 
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Step A 



PF 3 



o 



10 



15 



To a solution of 3-cyclopentene-l-carboxylic acid (Org. Synth. 75, 
P195-200, 1998) (315 g, 281 mmol) in anhydrous N,N-dimethylformamide (300 mL), 
under an atmosphere of nitrogen, was added potassium carbonate (97 g, 703 mmol), 
and iodomethane (35 mL, 563 mmol). The resulting mixture was stirred at room 
temperature for 16 hours, then poured into water (1 litre), and extracted wtth dtethyl 
ether (3 x 400 mL). The combined diethyl ether layers were washed with water (3 x 
500 mL), saturated NaCl (200 mL), dried over MgSC- 4 , filtered and 
vacuo, to give 34 g (96 %) of crude product. H NMR (CDCl 3 , 500 MHz): 5 5.64 (s, 
2H), 3.68 (s, 3H), 3.1 1 (quintet, J = 8.5 Hz, 1H), 2.63 (d, J = 8.3 Hz, 4H). 
StepB 

OCHa 

To a cooled (-78 °C) solution of diisopropylamine (34.4 mL, 0.25 Mol) 
in anhydrous tetrahydrofuran (250 mL) under an atmosphere of nitrogen was slowly 
added butyl lithium (100 mL of a 2.5M solution in hexanes, 0.25 Mol), and the 
resulting mixture stirred at -78 °C for 10 min. To this mixture was added methyl-3- 
cyclopentenecarboxylate (25.75 g, 0.2 Mol), after stirring for a further 15 min 2- 
iodopropane (41 mL, 0.409 Mol) was added, and the mixture continued stimng at -78 
°C for 30 min then allowed to rise to + 4 °C and left standing at this temperaturefor 72 
hours The reaction mixture was poured into 5% citric acid (700 mL) solution and 
extracted with diethyl ether (3 x 300 mL). The combined diethyl ether layers were 
washed with water (2 x 500 mL), saturated NaCl (1 x 100ml), dried over MgS0 4 , 
> filtered and concentrated in vacuo. The residue was purified by vacuum dishlUhor ,50 
°C @ 5 mm Hg to provide 28.9 g (86%) of product. H NMR (CDC1 3 , 500 MHz): 8 
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5 54 (s, 2H), 3.67 (s, 3H), 2.85 (d, 1 . 15-1 Hz, 2H), 2.30 (dd, J - 14.9Hz 2H), 2.07 

(quintet, J = 6.6 Hz, 1H), 0.82 (d, J = 6.6 Hz, 6H). 

StepC 

y—OCHs 

< To a cooled (0 «C) solution of borane-methyl solf.de (20 mL, 200 

mmo.) io anhydrous tetrahydrofuran (100 mL), under an atmosphere of nlttogen, « 
added using a canula, a solution of cyclopentene ester prepared m step B (28.9 g, 172 
A.L complete addition the reaction mixture was stirred a, ^ — »" 
r^hours. The mixture was cooled in an ice hath and sodium hydro.de (60 mL of 

M I n soiution. 181 mmol) added dropwise, followed by 30% hydrogen 

w^tiOOml) and exacted with diethyl ether (3 « 200 mL), the combmed dtethyl 
IT'™* washed with water (3 x 500 mL), saturated NaCl (100 mL), dned 

U chromatography on since ehttion with 20% BtOAc/hexanes to g,ve 18.5 g (58%) 

product. 
StepD 

V-ocHa 

To a (-78 <C) solution of oxalyl chloride (55 mL of a 2M solution in 
20 dichloromethane, 109 mmol) in anhydrous dichloromethane Cm^w^m 

atmosphere of nitrogen waa added in a dropwise manner dtmethyl sulfox,de (15.5 mL, 
and the uniting mixture stirred at -78 »C for 10 mins. To Una nuxture 

anhydrou S dichlorome,hane(l()OmL).Therenctionr n ixmrewass«rredat-78 Cfora 
» xuruT 15 mins, men triethylamine (69 mL, 497 mmol) was added and the resulting 

W as washed with water (500 mL), saturated NaCl (150 mL), dned over Mtf»» 
filtered and concentrated in vacuo, to give 18 g, which was used m the next step 
without further purification. 
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Step E: 3-Oxo-l-isopropylcyclopentanecarboxylic acid 

Y-oh 

A solution of methyl 3-oxo-l-isopropylcyclopentanecarboxylate (27 g, 
146.6 mmol) in dioxane (300 mL) and cone HC1 (100 mL) was heated to reflux 
overnight. The crude product was extracted into diethyl ether (4 x 200 mL) and the 
combined organic extracts were washed with an aqueous solution of sodium 
hydroxide (5N, 2 x 150 mL). The combined aqueous extracts were cooled to 0 C 
and acidified with cone HC1. The product was extracted with ether (3 x 200 mL) 
dried with magnesium sulfate and the solvent was evaporated in vacuo. The , woght :ct 
the productwas20g(98%). *H NMR (500 MHz, CDCh): 

2.48 (m, 1H), 2.32 (m, 2H), 2.15 (d, J = 18.53 Hz, 1H), 2.08 (m, 1H), 1.95 (m, 1H), 
1.03 (d, J = 6.86 Hz, 3H), 0.96 (d, J = 6.87 Hz, 1H). 

Step F: l-Isopropyl-3-oxocyclopentanoyl chloride 




A solution of l-isopropyl-3-oxocyclopentylcarboxylic acid (20.1 g, 
118 9 mmol) in benzene (150 mL) was slowly treated with thionyl chloride (23 5 mL, 
322 1 mmol) and the resulting solution was stirred at 45 °C for 3 hours. The solvent 
and the volatile components were evaporated under reduced pressure (100 torr) and 
the residue was distilled to obtain 6.727 g (30 %) of the desired P^** "° " 
1 14 °C at 5 torr. >H NMR (500 MHz, CDC1 3 ): 2.82 (dd, J = 18.36, 1.76 Hz, 1H), 
2.50 (m, 1H), 2.35 (m, 2H), 2.20 to 190 (bm, 3H), 1.03 (bd, J = 8.2 Hz, 6H). 

5 Step G: 3-Fluoro-5-trifluoromethylben Z yl 3-oxo-l-isopropylpentane-carboxamide 
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10 



A solution of 3-fluoro-5-trifluoromethylbenzylamine (3.07g, 15.9 
mmol) and diisopmpylethylamine (2.77 mL, 15.9 mmol) in dicMoromethane (60 mL) 
Z slowly treated win, l-isopropyl^xooycloperrtanoyl chloride (3.0 g. 15.9 mmol) 
and stirred at ambient temperature overnight. The mixture was dilute* wuh 
dichloromethane washed with a saturated solution of sodium btcarbonate, 2N HC1 
water and brine. The organie phase was dried with anhydrous magnesmm sulf te and 
U.e solvent was evaporated in vaeuo to yield 6.0 g of erode product. Th.s was further 
purified by eolumn ehromatography (siliea gel. ethyl acetate hexane «« '«»> » 
vteld 4.10 g (85 %) of the pure product 'H NMR (500 MHz, CDC.,): 7 .32 (s. H) 
7 « (d J -8 23 Hz 1H) 7.19 (d, I = 8.93 Hz. 1H), 4.52 (m, 2H), 2.79 (d, I = 18.53 
££.£ZwZ. 4H). 2-0 (m, 2H), 0.98 (d, I = 6.63 Hz. 3H). 0.96 (d, 6.60 
Hz, 3H). 



TMTKR MF.DT ATE 3 
O 




CF 3 



15 



20 



Step A: 0 ^y-C0 2 i-Bu 

■ n f iu CT «?n. (Q2 1 e 0 765 mol) in 570 mL of DCM was treated 
A stirring suspension of MgS0 4 (92.1 g, u./oo mou m 

with a mixture of concentrated H 2 S0 4 (10.2 mL, 0.191 mol) ,n 195 mLof DCM. 
After five minutes 3-oxo-cyclopentane carboxylate ( 24.5 g, 0.191 mol) was added. 
Fifteen minutes later t-butanol (87 g, 1 .2 mmol) was added and the resulting mixture 
was sealed tightly with a stopper and stirred at room temperature over the weekend. 
The reaction mixture was washed three times with saturated Na 2 C0 3 solu.cn and 
twice with water. The organic layer was combined with the organic phase of a second 
identical reaction run simultaneously (starting from 30.1 mmol of carboxyhc add). 
The combined organic layers were then washed with brine, dried over anhydrous 
MgS0 4 , filtered, and concentrated to give 82.8g of desired t-butyh ^ d uct 
contaminated withasmall amount of t-butanol. 'H^^ 0 ^™ 3 ^ 
(m, 1H), 2.47 (dd, J = 19, 8 Hz, 1H), 2.38 (m, 3H), 2.26 (m, 1H), 2.20 (m, 1H), 2.09 
30 (m,lH),1.46(s,9H). 



25 
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Ste P B: MeQ 



Ov/v^CQzt-Bu 
MeO^ / 



10 



15 



20 



nCM/MeOH (200 mL) and stirred at rt overnight The reaction mixture 
SHSWX* solution twice. The aqueous layer was back-extracted with more 
TCM TrTcombined organic .ayers were washed with water, then brine dned .ver 
XrousNa,S0 4 , fi.tered, and concentred to give 61.3 g of crude product This 

Luca, fashion 161.7 gto^ crude predu^ w hi c w^^(^C 
„, mm H»1 to Eive 90 9 g of dimethoxy acetal product. 'H NMR (500 MHz, llhj,). 

9 Hz, 1H), 1.95-1.80 (m, 4H), 1-45 (s, 9H). 

StepC: M°V\XO z t-Bu 

2 5 Mn-Butyl lithium in hexanes (28.7 mL, 71.9 mmol) was added 
cooted (-7 8 £) solution of diisopropy.amine (10.! mL, 71.9 mmol) in 10 mL of THF. 
cooieov io , prepared as described in Step B 

After stirred the mixture for 30 mm, the neat ester prep additional 
above (10 mL, 45 mmoD was added slowly. After stirring at -78 ^additio 
3 h 4 -A sieves dried acetone (9.9 mL, 135 mmol) was added slow* 
for'l hmeteaction mixture was quenched with citric acid solution, men ~< 
whn emt Ttie ethereal layer was washed .wide with water and once wtih brine, dned 

Pnrificationby MPLC (silica, 50% ethyl acetaK/hexanes) afforded « ««0»><^ 
hydrexyisopropy. product 'H NMR (400 MHz, CDCW: 3A9 ™ 
239 (m, 2H), 2.25 (m, 2H). 1.83 (m, 3H), 1.48 (s, 3H), 1.46 (s, 9H), 1.41 (s, 3H). 

StepD: o^^X 00 ^ 

/ OH 



25 



30 



The hydroxyisopropyl ester prepared as described in Step C (1.40 g, 4.85 mmol) was 
T HTl ■ 1 TFA/DCM (10 mL) and stirred at rt for 2 h. The reaction mixture 

AO _ 




21030PV 

* 

»« . 



and conc^tmtingrepeatedly (10 times). The crude product obtained (1.05 g) « 
used without further purification. 
Step E: 

«.CF 3 



10 




CF 3 

The acid prepared as described in Step D (1.05 g, 5.64 -oi) was combined I wit* ,3,5- 
Bis(tnfluorome,hy 1 )ben Z y.amine hydrocMoride (1.58 g, 5.64 mmoO. EDC 1.62 g 
8 46 mmol), HOAt (768 mg, 5.64 mmol), and DIBA (982 mg, 5.64 nr.no.) m CO * 
of Dm The resuhing mixture was stirred at r, overnight men was washed wrth 1 N 
HO^urated NaHCO, so.ution (twice), water (twice), and brine. The organ.c layer 
"over anhydrous Na 2 SO„ mtered, and concentrated to give 1.84 g of crude 
product. Purification by MP1X (silica. 80% emyl actetate/hexanes) gave 809 mg of 
Loamide product. 'H NMR (500 MHz, CDCI3): 7.94 (m, lH),7.78(a 1H) 7.76 (s, 
Z 4 62 (dd, J = 15, 6 Hz, 1H), 4.55 (dd, J = 16 Hz, 7 Hz, 1H), 2.88 (d, J = 18 Hz, 
1H)' 2 41-2.32 (m, 3H), 2.27-2.19 (m, 2H), 1.34 (s, 3H), 1.28 (s, 3H). 



15 



p^TRR MEDIATE 4 
O 

✓CF3 




Intermediate 4 was prepared in the same fashion as Intermediate 3, however 3-fluoro- 
^—yWmine was used in me final amide coupHng step mstead of 
20 Bis(triflubromethyl)benzylamine hydrochlonde. 



TNTFRMEDIATE^ 




HCI 
Step A 
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A 3-neck round bottomed flask equipped with an addition funnel and condenser and 

containing zinc dust (2.45 g, 37.4 mmol) was flame dried. After cooling, and purgmg 

to system with nitrogen gas, 6 mLof THF was added, followed by 10- 

dibromoethane (0.298 mL, 3.46 mmol). The mixture was warmed to a «W™ 

j. .„fi„»fnr-^0 sec (eas evolution was observed), 
reflux using a heat gun and stirred at reflux for 3Usectgasev 

ton cooled to rt. The warming and cooling was repeated two more times. Then 
chlorotrunethylsilane (0.402 mL, 3.17 mmol) was added and to mixture was snrred 
a, rt for 20 min. N-«-butoxycarbonyl-4-iodo-piperidine (known: B.llotte, S y»!e« 
, (1998), 379., 8.97 g, 28.8 mmol) in 15 mLof THF was added over a penod of about 1 
uun The reaction mixture was stirred at 50 °C for 1 .5 h, ton was cooled to rt. 
Meanwhile, a mixture of tri-2-furylphosphine (267 mg, 1.15 mmol) and 
Tris(dibenzylide»e,cetone>dipal.adium(0) chloroform adduc, (298 mg, 0.288 mmol) 
was dissolved in 6 mL of THF under a nitrogen atmosphere, stirred for 
5 and added to to organozinc solution. Then a solution of 2-bromopynm.dme (5 50 g, 
Lmmol)inamixtureof58rnLofTHFand20mLofN,N-dimeu,y^e,am,dewas 

added. The reaction mixture was warmed to 80 -C and stirred for 3.5 h, then w. 
cooled to rt and stirred for 36 h. The reaction mixture was 
to filter cake was washed with ethyl acetate. The filtrate was minted further w.th 
,0 ethyl acetate, and washed with saturated NaHCO, solution. The aqueous layer was 
2 extracted with emyl acetate, to organic layers were combined ™d washed tw.ee 
with water and once with brine. Tlte organic phase was dried over anhydrous MgS0 4 , 
filtered, and concentrated Purification by flash chromatography (silica, stepw.se 
gradient: 25% ethyl acetate/hexane, 40% ethyl acetate/hexane, 60% ethyl 
25 retate/hexane. 80% emyl acetete/hexane, 100% emyl acetate) to afford 4.92 go pure 
4-(2-pyrimidyl)-piperidine product (65%). 'H NMR (500 MHz, CDCb): 5 8 70 (d, I 

2 H), 2.01 (brd, J = 13 Hz, 2H), 1.84 (dq, J = 4.5, 12.5 Hz, 2H), 1.49 (s, 9H). 
StepB 
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10 




HC1 

me N-.Warbonylpip^ne prepared in Step A (4*1 S 17i i nunc.) iwas 

ESI-MS calc. for C9H13N3: 163; Found: 164 (M+H). 

modified procedure as shovm for tatermediate 5. Some of these are hated 
below. 



Intermediate 




Calc.MW 



ESI-MS found 



64 



164 
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Step A 




HCI 



197 


198 


197 


198 



INTKRMEDIATEJ O 




HCI 



Br 



with saturatedNaHCOs solution then bnne. The ° rg ^3 ES l-MScalc. 
anhydrous MgSG 4 , filtered, and concentrated to g.ve 5.03 g of product. ESI MS 
for C4HBr2ClN2: 270; Found: 271 (M+H). 
StepB 
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Boc 

Tne^dibronrc-^^^ 

mm oO W a S conp 1 eri,oN— r^SSS^-'* 1 '' 



9H). 

Step C N 

N 




10 



15 



condifons for an ^.hanoVDCM) gave 307 mg of reduced 

Puriflcatior.bypreparanveTLC(s 1 l.ea,5* 7 35 (apdd,J=3.0,6.0Hz, 

1H) 4.32 (br m, 2H), 2.85 (br m, 2H), 2.75 (tt, 
13.5 Hz, 2H), 1.65 (m, 2H), 1.50 (s, 9H). 



StepD 




20 



HC1 

- . ft« S,eo C (305 mg, 1.16 mmol) was dissolved in 4 N HC. in dioKane 
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^..u min The reaction mixture was concentrated 
^turewasstinedforanadd.uonal^ ^"^ 1 ^^ |btOT 13ro: 1«; " 
to give 244 mg of piperidine hydrochloride (89%). 



Found: 164 (M+H). 




HCt 



Step A 




10 



15 



20 



f i t K,,toxvcarbonvl-4-trifluoromethanesulfonate-l,2,3,6- 
Anuxtureofl-r-butoxycarbonyi wise LD. Synthesis (1991), 993., 2.50 

tetrahydropyndine (known: (9 58 mg, 22.6 

g, 7.53 mmol), triphenylarsme (184 "J^*™ ™ ai51 mmol) in 

anhydrous l-methylpynrohdm-2-one (50 mL) was cornmercially availab le 3- 

reaction color changed from brown/purple to yellow. Then commerc ally 
reactions. 6 - 07 „ R «o mm ol) was added in anhydrous 1- 

m e,hanol/e,hy. ^><^^^ (dd /Us, 1.6 Hz, 1H), 7.64 (dt, J = 
MHz, CDC,,): 58.63 <U - ^ d4 ^ J = 5 . 6flz> 

8.0, 2.0 Hz, 1H), 7 25 (obsc m, 1H), 6.08 (br s, IU>, 



25 

2H), 2.50 (br s, 2H), 147 (s, 9H) 
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StepB 




4.19 —0 - WW. W» W " " ^faction mixture was <IH«d - 
^ a hydrogen atmosphere Wed „ the action, .his 

^atrated, but was found to be meomp * » „ fa „ h . m e 



10 Step C 




15 



* «»B(1 11 S 4.23mmol)wa S dissolvedin4NHClin 
The Boc-pipetidine from Step B U- & wag cotlcentra ted, 

dioxane (20 niL) and stirred at rt for n _ ^ concentrated 

dissolved in methanol, filtered through a ^ (400 MHz, CD 3 OD): 6 



2H), 2.21 (m, 2H), 2.05 (m, 2H). 



20 




Step A 
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10 



tm wiw LD. Synthesis (1991), 

,932), N Na 2 C0 3 (7 »L> was «*-^ ) ^ycarbonyM- 

-»>• «— *f « ^y^e (..60 g, 4,! mm o», and 
tnfluoromethanesolfonate-1,23.6 tetrahyo PY" jn DME ( „ ^ 

^Wlpho^ine)-,^^)^ ° reflux ^ sttaed 

under a nitrogen atmosphere. The reacnon DCM> aod wa shed 

f or2h. ThereacnonrniKturewasconcer^ei^. ^ 
with 2N Na.CO, soiution. — mOH rttt ^ by 

flash chromatography (s.l.ea, 10« lH) 107 (s , 
oonp.ed product. "HKMR (500MH*. CDO* 5X22 (4 ) ^ ^ ^ 
1H), 6.00 (or a, 1H), 4.03 (hr a, 2H), 3.60 (br s, 2H), ; 



Step B 

'.J 




Boc 

i * v .h~i in a similar fashion to that shown 

15 HydrogenanontothepiperidhK^ 

JstepB of the syndesis ^^"^T^Zt, and providing 540 mg of 



20 Step C jpS^ 
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piperidme (540 mg, 2.02 mmol) and providing 408 mg of desired product. ESI-MS 
calc. for C9H13NS: 167; Found: 168 (M+H). 



TfJTPP MF.DTATE 13 




5 Intermediate 13 was prepared in the same way as described for Intermediate 12. ESI- 
MS calc. for C9H13NO: 151; Found: 152 (M+H). 



INTERMEDIATE^ 
-S 



10 



Step A 




15 



20 



^ a /a r>Ao 1 mmoD was combined with N.O- 

Jlm^l w» added and the reaetion mixture was permitted to am at tt for 2h. The 

r^NaH^ao.udon.andhdne. The organieiayerwaadned over anhy^ 
saturaxea nan product which was used 

without further purification. ESI-MS calc. ror ^ 

(M+H). 
StepB 
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Boc 

. . , 78 o 0 soluti0 n of the amide prepared as described in Step A (8.35 g, 30.7 

-rrde^ed withether. ^^J^TJT 
dried over anhydrous MgS0 4 , filtered, and concentrated to give 5.81 g 
product which did not require further purification. 



StepC Br 

O; 




10 



15 



20 



25 



BOC 

f 78 °C> solution of 2.0 M LDA (in heptane/THF/benzene, 13.7 mL 27.3 

over 10 mino.es. After stirring .he for 1 h, the reason » ^ ^ 

. a Notirn, solution and the resulting mixture was. cah 
mL of saturated NaHC0 3 solutlon washed with brine , dried over 

200 mL of ether. The combined ethereal layers were ^ which 

AAo^jn filtered and concentrated to give 7.35 g ot l ku» en 
anhydrous MgS0 4 , filtered an ^ated with sodium 

was then redissolved in 120 mL cooicu tu 

was men followed by N-bromosuccimmide (4.06 g, 22.8 

bicarbonate (2.87 g, 34.2 mmol), toliowea y 

mm ol). Tto^~"^* rt ^?^^L Theresulting 
w hichpoinUtwaspouredinto200^ 
nature was extracted twice with 200 mL of ether and t 
were washed ^ saturated NaHCOsSOluUo^ 
MgS0 4 , filtered, and concentrated to give 7.p2 g of crude pro 



without further purification. 
StepD 
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., . • ~ t __ c (\ 48 e, 4.83 mmol) was 
The bmmome.hylke.one prepared as desenbed in Step COM g 

— ^fC:— ---- 

mixture was wanned to 60 Candstirrea j anhydrous 

Mg S0 4 , filtered, and concon.ra.ed • *H NMR (400 MHz, CDCI3): 5 

(brm,m2.03(m,2H), 1.62(m,2H), 1.44(a,9H). 



10 Step E 




15 



n nv/i . . 

. . t> ^rr ma o 19 mm'ol) was treated with 4 
The rhiazole prepared as described m Step D , ^ of water was 

,,, rnl i c; nC e the mixture was heterogeneous, 1 
N HC1 in dioxane (15 mL). Since 0» m fe ^ h The 

for C8H12N2S: 168; Found: 169 (M+H). 



MreRftffiDIATEl5 
20 CbzNH 




Step A 
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Due 

The bromomethytatone prepared as described in Steps A through C «^is 

a- . ,i n fiR . 5 47 mmol) was combined with tmourea (625 mg, 8.21 
of Intermedrate 14 (1.68 & 5.47 rnmol) ^ 

^'^^T^ h wasthenc^U-dand 
— ^.^andwarer. THe^us = 
the residue w P comb rned organic layers were washed with 

aminothiazole product. 



10 StepB CbzNH 



V s 




15 



20 



Toacooied^Osdutiono , eann— 

(1.42 g, 5.01 mmo,)a»dme,hylamme .. 9mU 8«« „ 
added dropwise benzy. chioroformate ^ was racomplcte 

^owanhydrous MgSO,, fi.tered, and concentrated. Purificahon by MPI-C 
(sihea, 55% ethyl acetate/hexane) afforded 930 mg of product. 



StcpC 
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CbzNH 




10 



15 



o « ro9S mp 2 22 mmol) was dissolved in 4 N HC1 in dioxane 
The product from Step B (925 mg, 2.2Z mmou _ . t _ ^ ve 749 

. i k The reaction mixture was concentratea to give w 

INTEFMEDIATEJ6 

Fonnic acid (568 mg, 12.3 rn.no.) -as added «o Ac 2 0 (1.05 g, 10.3 

-15 C, ana me v mixture was concentrated (with 

, . • The BOC group was removed by dissolving tne 

1M g ° itnrJSlS ine* y T acleandbubbUngHC. (g)*ro«gh«ds 



20 



TNTRRMEDIAm il 




Step A 
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H q 
N 




10 



, ui a* (*ifs a 119 rnmol) and triethylamine (16.6 mL, 119 
Hydroxy ^^^o.^U-'- was filtered » — » 
mmol ) were combined m 50 Ml of DM ^ ^ ^ 

triethylamine hydrochlor.de and the filter commercially available K- 

was partially concent to temove ^ « ^ «- ^ 
butoxycarbonyl-4-cyanoppend.ne (5.0 g 24 ^ ) ^ 

wtth water . ^ 

^"Xr— ethy. acetate and the combined organic 

Jed over anhydrous MgSO., filtered, and concentrated to grve 3.51 g of product. 



Step B 0 

LIKI ,.N 




15 



20 



25 



. <?t e n A f 1 02 g, 4.19 mmol) in 20 mL THF was 

■A solution of the ir^ ^^^^ „on gas evolution 

and an exotherm were noted me cHCVmethanol. 
t-sferredtoasuspen^ 

The reaction mixture was stirred at rt for 5 days, tne 

Purification by MPLC (silica, 50% ethyl acetate/hexane) afforded mg 
thiodiazolone. m 1 86 (L J = 11-5 Hz, 

2H), 2.77 (tt, J = 4.0, 1 1 .0 Hz, 1H), 1 .98 Wm. J 

12.0 Hz, 2H), 1.47 (s, 9H)^ fa ^ ^ in dioxane (5 

The Boc intermediate (139 mg, 0.487 mmoi; w 

1) and stirred at r. for ..5 h. The reaction mixtute was concentrated to gtve 94.3 mg 
of piperidine hydrochloride product. 
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10 



r\TTT?t? MFDT ATE 18 

4-QH- 1 ,2,4-triazol- l-yl)piperidine hydrochloride 

H 



5 Step A 

tert-butyl4-hydroxypiperidine-l-carboxylate 

Boc 
OH 



To a stirred solution of 4-hydroxypiperidine (60.8g) in 
diehloromethane (500 mL) was added a solution of m-ter-butyl 

0 547 mol) in diehloromethane (500 mL) very slowly. After the addttion, whteh took 

1 hour, the resulted mixture was stirred at ambient temperature for 5 hours. The 
mixture was then washed with sarurated NaHC03, 3 N HC, bnno, dned and 
Iporaten to give «*-bu«yl 4-hydroxypiperidine-l-carb„xylate as a duck od (90g). 
Step B: Krt-butyl 4-[(methylsulfonyl)oxy)piperidine-l-eaiboxylate 



Boc 



15 



20 



9 

OMs 

To a stirred solution of give tert-butyl 4-hydroxypiperidine-l- 
carboxylate (21.1 g, 0. 105 mol) and triethyl amine (22 mL) in dichlommethane (250 
mU at 0 °C was slowly added methaneaulfonyl chloride (9 mL, 1.1 eqmv.) The 
Siting mixture was stirred for 1 additiona. hour and during whieh time whtte sohd 

evaporated to give : Krr-buty. 4- K me.„y>su.fony.)oxy)ptpe^ 
white solid (29.2 g). 'HNMR (400 MHz, CKW 4.92-4.87 to .W. (m, 
2H) 3.34-3.28 (m, 2H), 3.05 (s, 3H), 2.01-1.94 (m. 2H), 1.87-1.78 (m, 2H). 
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% Th mixture was stirred at 60 °C tor 5 days, ana uk x 
equiv.). The mixture w extracted with ethyl acetate 

0 yl)pipenaine x-^ j n , 2 h urs The mixture was then 

evaporated to remove most of the d«n ■ » » ridine hvdrochlori de 

h 1H) 5 10-5.00 

«alt (5 55*1 'HNMR(300MHz,CD 3 OD): 10.00 (s, 1H), 8.97 Is, IB* 

heterocycles. 

20 Intermediate 19: 

4-(lH-pyrazol-l-yl)piperidine hydrochloride 

Prepared using pyrazole 
Intermediate 20 

25 4-(lH-imidazol-l-yl)piperidine hydrochloride _ 
plparedfromimidazole: 'H NMR (400 MHz, CD 3 OD^ 8 £ . TO. 7J6fc TO, 
t£ (s 1H) 4 9-4.8 (hidden under CDSOD peak, 1H), 3.61-3.61 (br. d., 2H), 3.33 
3.26 (m, 2H), 2.49-2.45 (br. d, 2H), 2.39-2.28 (m, 2H). 

30 Intermediate 21 and 22 triazol-2- 
4-(lH-l,2,3-triazol-l-yl)piperidine hydrochlonde and 4-(2H-l,2,3-tnazol 

yl)piperidine hydrochloride 
Prepared from 1,2,3-triazole. 
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6- 1H), 3.54-3.48 (m, 2H), 3.28-3.22 (tn, 2H), 2.46-2.32 (m, 4H). 



5 



Intermediate 23 and 24 C D 3 OD): 8.77 (s, 

MlH-tetraazol-l-yDpiperidinehydrochlonde: H NMR » l 

1H), 5.30-5.23 (m, 1H), 3.58-3.53 (m, 2H), 3.35-3.29 (m, 2H), 2.58-2.2.52 (m, 2H), 



10 2.48-2.38 (m, 2H). *rMR (400 MHz, CD3OD): 9.32 (s, 

4-(2H-tetraa Z ol-2-yl) P iperidine hydrochlonde: HNMR (40<T MHz, 3 I 
1H), 5.08-5.00 (m, 1H), 3.61-3.57 (m, 2H), 3.33-3.28 (m, 2H), 2.52-2.47 (m, 2H), . 
2.42-2.32 (m, 2H). 

g ^ m R M ^Aiffi2^4-(lH-pyrrol-l-yl)piperidine 
Prepared similarly with pyrrole. 

r> rrBT?MF.DTATE26 
4-(4H-l,2,4-triazol-4-yl)piperidine 

Step A: ethyl 4-(4ff-l,2,4-triazoM^^ rarboxvla te (5g 29 

P To a stirred solution of ethyl-4-amino-ptpend.ne carboxyla* (5g, 29 

nnn ™n was added N,N-dimethylformamide azme (8.2g) and 
mmol) in toluene (100 mL) was k. ^ ^ 

30 carboxylate (4.9g). 

(4.9 g) in — i (100 mL) was added a solution of ^- ^^ 
Ll of water) and the resulting mature was refluxed overmght Tta , «0. was 
35 evaporated off and the residue was treated with diehlororoethane (100 mL). The 
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solution was filtered and dried over MgS04, filtered and evaporated to give 4-(4ff- 
1 24-triazol-4-yl)piperidine (2 g). »H NMR (400 MHz, CDCI3): 8.23 (s, 2 H), 4.17- 
4.10 (m, 1H), 3.26 (br. d, J= 12.5 Hz, 2H), 2.76 (dt, J = 2, 12.5 Hz, 2H), 2.13 (br. d, J 
= 12 Hz, 2H), 1.85 (ddd, J = 4, 12, 15 Hz, 2H). 

TNTRRMF.DTATE27 

4-(lfir-pyrazol-4-yl)piperidine 
H 



20 




HN-N 



Step A: 4-(lH-pyrazol-4-yl)pyridine 

To a suspension of 2-pyridin-4-ylmalonaldehyde (5g, 33.6 mmol) in 
ethanol (75 mL) was added hydrazine (1.26 mL, 1.2 equiv.) and the resulting mixture 
was stirred at room temperature for 4 hours. The mixture was evaporated and the 
residue tritriated with ether/hexane to give 4-(lH-pyrazol-4-yl)pyridine as a solid 

15 StepB: l-benzyl-4-(lf/-pyrazol-4-yl)-l,2,3,6-tetrahydropyndine 

To a hot (80 °C) solution of 4-(lH-pyrazol-4-yl)pyridine (4.8 g) m 2- 

propanol was added benzyl bromide (10 mL, 2.5 equiv.) and the resulting mixture 

heated at reflux for 10 minutes. After cooling in an ice bath, the precipitate was 

filtered and washed with more 2-propanol and air dried. The solid was suspended m 

ethanol at 0 °C and sodium borohydride (6.5 g) was added in several portions over 30 

minutes, and the mixture was stirred for an additional 30 minutes. The reaction was 

quenched by carefully addition of water, and the ethanol was removed by evaporation, 

and the residue was partitioned between dichloromethane and water. The organic 

layer was dried over MgS04, and filtrated and evaporation gives l-benzyl-4-(lii- 

25 pyrazol-4-yl)-l,2,3,6-tetrahydropyridine (7.5 g) 

Step C: 4-(lfl-pyrazol-4-yl)piperidine 

A solution of l-benzyl-4-(lH-pyrazol-4-yl)-l,2,3,6-tetrahydropyndine 

(7 5 g) was hydrogenated over palladium on carbon (10%, lg) at 40 psi overnight. 
The catalyst was removed by filtration through celite and the filtrate was evaporated. 
30 NMR shows the product is mainly l-benzyl-4-(lH-pyrazol-4-yl)-pipendine. 
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To a solution of "-^"'^T*^^ on carbon (10%, 0.5g) and the 
* i» — " ^ 15 ° ^ 7 ^C^ure overnight. The catalyst was 
suiting mixture was stirred a, room te ^ U ^ purified by adding di- 
removed by filtration and filtrate evaporated. V* P achloromemane to 

^.bu.,1 drearbonate (2 ^ -J^""^ purification by eolumn 
^ a di-Boc protected """^^^T^e in hexane give pure fert-butyl 

4-[l-(ttrt-butoxycarbonyl>lH-pyraa)i-*-y.ipp 4-(lH-pvrazol-4- 

1— was ^.rTat^^^ ™ 8 - 00 ^ 210 - 
*Cr,^SS.tlS « * 2H). 3.05-2.S, Cm, !H>. X» ,, d. - 
l3Hz,2H),l-80(m,2H). 



4-(lH-pyrazol-3-yl)pipertdine 



Step A: 4-(lH-pyrazoi-3-yl)pyridine ... n5 ^ 0 68 xnol) and ethyl formate 
To a mixture of 4-acetylpyndine (75 mL, O.o , 

^nnwas added sodium methoxide <" 
(,09 ml.) in anhydrous benzene (1 L) «- • ^ ^ a „ d „ 

resulting mixture was refluxed for 18 hours_ ^ ^ 

„ decani from a sticky soli , » mh^ ****** was added 

product was dissolved in water (700 mL) and ^" The mixture ws 

redisolved by addition of 5N NaOH. rreciP' 

^tion anddriedto give ^H-pyrazol-3-yDpyndme (35 * 

To a hot (80 «0 solution of 4-( H-W^ 1 ^ ™*» 
propanol (60 mL, was added benzyl J ath , precipitate 

Ltnre heated a. reflux for 10 mmutes. Ak -obn^ ^ ^ suspcnd ed 
was Altered and washed with more 2-pmp*. over 
30 m ethano. atO «C and sodium *^&J£^ ^ The reaction 
30 minutes, and the mixture was stirred for an add. by 
w as q uenched by carefully addition o "^^e and water, 
evaporation, and the resrdue w- P— * ^ evaporation ^ 

The organic layer was dned over Mgs»W 
35 benzy.l(lH-pyrezol-3-yl>l A 3,6-tetiahy*opyndme (16 g) 

_ nX — 




10 



15 



To a solution of ,-benzyl^(lH-pyrazo.-3-yl>p.pend>ne (16 g) 
« in emanol (400 ruL) was added pallad,um »-^^ w- removed by 
mixtU re was sirred a! — — ^ addin g di-ter-buty, 
ffltration and filtrate evaporated. The pmdue. V dich , oromelhane to give a 

Boo ^.-^^ hexane give pure rerr-buty. 4-(lH- 
„n siliea elutmg v»«h 2M0% e*yl ^ ^ ^ ^ with 

Pytazol-3-^d.ne-^^ ^ hydroch , oti de sal. (3.5 g). Urn 



20 



4-(lH-imidazol-2-yl)piperidinedihydrochloride 



25 



30 



35 



l^by vaeuun, dilation to give 1- 

evaporauon and the resume P ^ 

(dieuno^ethylVlH— le To * ^ ^ ^ was ^ 

Mdazole (46.7 g) in anhydrous ™ P» ^ did not 

n ^m 7 rr^^-s^onor^^opiperidin^ 
rise above -35 C. Alter com P K* was added 

i * m» c 91 5 mmol) in anhydrous THF (./u vol.) 
carboxylate (18.25 g, yi ^ muiu ^ 4Q o C ^ rea ction was 

=r.^.*«=E£ =r its." 



# 
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filtered and evaporated. The res.due was p u hydnR ide to give 

eludng with 10% methanol ir, ethyl ^llarbonylate (10.5 g). 

ttrt -bu«yl 4-hydro*y^(lH— 1 -^ 1 f d ^ yridine . 1( 2HHa rt »xy.a,e 

StepB^rr-buty^lMmidazoW^ 

To a solution of rert-butyl «yd~x^K ^ ^ 

1-carboiyla.e (10.5 g).and diisopropylanune cMoride (6 . 19 2 

^ N 2 a, 0°C was added in on* , po«.on o , * ^ a rf 

eauiv.). The reaction was surred at 0 C to 2h ' was ^ a „ d the 

^thanesutfonyl chloride and 2.5 eqmvalen* o« PV ^ ^ ^ 

^mixture stirred at room — ^ and ^ extraeted wi* ethy, 

W afcr (200 mL) and addjusfcd pH 9 w.* " N *° H fiUered and 

Ste p C:1 e rt ^lMlH— ^3^*^ 

A mixture of <e»-butyl (l« ^ 

» 1( 2H>ea*o,y.ate (7.5 g) and P^^^^oferlbyfdtrationmrongh 
^hydrcgenatedatSOpaiovemrgh, M lH«,»-2- 
celite and the filtrate was evaporated to g 
yl)piperidine-l-carboxylate (7.5 g). 

A solutron of «1 ^ ]eft standing 

,5 5 in methanol was saturated wtth HC1 ana tn 

^gh, Evaporation give — ,, , =1 3 
r» nv 7 29 (s 2 H), 3.51 (br. d, J = 13 Hz, ZH), ^ 
30 ^2S; , (h^ I =14H 2 ,2H),2.04.1.92(m,2H,. 



4^1,3-thiazol-2-yl)piperidine hydrochloride 
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■, , in the case of -KlH-imidazol-2-yDpipertdine ^hydrochloride 
Prepared »WI - ■ *^. i ^ vineth „ 1> ,H4mid a zol e in Step A. H NMR 
usi „g 1,3-thiazole instead °^* e ^^ 77 . 3 . 6g (m , 1H ), 3.57 (br. d, J = 13 
(400 MHz, D 2 0): 8.24 ^^ ^^ ^ fc ^ 2 . n . 2 . 0 . (m, 2H). 
Hz, 2H), 3.19 (br. t, J =13 Hz, 2H), 2.4Z yw. u, 



F Y AMPLE 1 

A. 




CF 3 



CF 3 



10 



15 



20 



mmol), triethylamrae (105 ML, 0.75!) mm ^ 

re aedon mixture was sttrred a, rt for 2 days t ^ ^ 

The ffltrate was concentrafcd and punfied by mert Lol/DCM) to afford 

Topspot-ESI-MS calculated forC2 J d; 543 ^ 

Bottom spot-ESI-MS catculatedfor^ ™N405 ^ 

Sin.ecis— --^^--SSSI^**-*-** 
respectively. 

AMPLE 2 




:F 3 

CF 3 
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Step A 



10 




,CF 3 

CF 3 



i / 1 nr. m * 0 253 mmol) was combined with 4-(6-chloro-4- 
Ketone Intermediate 1 (100 mg, 0 253 mmol) w Interme diate 5, 89 mg, 

0.33 mmol), triethylamine (92 pi, 0.66 mmol), sodiurr tna y^ 

i o7 mffl nn and 4 °A molecular sieves (powder, 100 mg) in V<~m l'^ 
mg , 1 -27 mmol) and 4 A ^ ^ ^ E ^ 

2 days stunng at rt, the reaction^ was ^QH/methanol in DCM) 

1. Purification by preparative Tl- C f^^ } and trans isome rs (25 

afforded two bands corresponding to the cis (54.2 mg top sp , 
mgb ottomspot). Both the cis and trans isomers were *y 
dissolving the free bases in - 1 mL of DCM, adding excess 1 N HC1 m ether, an 



concentrating. r27H3lClF6N40: 576; Found: 577 (M+H). 

Tcm soot-ESI-MS calculated for C27H3l«-iroiHw. j , 

lop spm j^o r07miCIF6N4O: 576; Found: 577 (M+H). 

Bottom spot-ESI-MS calculated for C27H31ClFt>mu. 

15 StepB 

CF 3 

xhetob aseofmec iS — ^^^^^ZZwC 

aa^a Thi»rMrtion mixture was stirred unaer a nyuiug^i- r 
(10 mfi ^^ s ^~l was proC eeding s.o W .y, mo. 10% Pd/C (10 
20 (balloon) for 1.5 h. Since the reaction » v hvdroeen atmosphere for 

PH/r After 5 5 h the reaction was still incomplete and 2 mL methanol was 
25 ^^^^-nd..^-— ^-- a ^« B -' 
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^^H^rnmolete The reaction mixture was 
^^^^^^^^ Purificationbypreparative 

TLC (silica, 8% of 1 .9 mu accompl ished by dissolving the free base 

free base. Converse to the HCL sair w* * P 
in 1 mL of DCM, adding excess of 1 N HC1 * 
calculated for C27H32F6N4Q: 542; Found: 543 (M+H). 



NvVN O 



\ /"'•> H 




10 



15 



20 



,,■ » annnms 0 487 mmol) was combined with 4-(5-pyrimidyl)- 
Ketone Intermediate 3 (200 mg, / mm , 

mmol), ttiethylamine (76 pi, 0.58 mmoi), 

a a ° a molecular sieves (powder, 200 mg) in ^« ™w 
2.20 mmol) and 4 A molecuto ^s VP ^ ^ phjg 

.eaction mixture was stored a. ^ complM , the residue 

andcon^trafcd. ^J^^^O**^*^* 

50 °C for 1-2 h. The MgSOa flltere d, and 

organic layers were washed w.th bnne, dr. NH.OH/methanol in 

concen tra ^.Purificadonbyprepara U veTLC(sd,ca,5%of 

nCM) afforded two bands corresponding to the c.s (250 mg, top spot) 
DCNOattoroeam Rnth me cis and trans isomers were converted to HC1 

isomers (30 mg, bottom spot). * TtnL ofDCM adding excess 1 N HCHn ether, 
salts by dissolving the free bases in -1 mL of DCM, aao. g 

and concentrating. „maWM02- 558: Found: 559 (M+H). 

Top spot-BSf-MS calculated 58; Found .. 55 0 (M+H). 

; Bottom spot-ESI-MS calculated for ™HOTW« QD 

Single— --^^^ai^Uiefmefmebase 
cis isomer. 
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A variety of CCR-2 antagonists were prepared according to the same protocols aa 

for Examp.es f-3 from intermediate Ketones sacH as Inten— , -4an 
amines such as Intermediates 5-30 as well as other known or commercally avariable 
22 The Tabie below tists some of theae analogs. Most were separate* mto two 
cis and two trans isomer sets, some were 
chiral HPLC. 



: further resolved into single cis isomers by 



10 



TABLE: OTHER ANALOGS PREPARED SIMILARLY TO EXAMPLES 1-3 




Example 


X 


R 1 


n 

R 2 


Calc. 
MW 


Observed 
M+Hby 
ES1-MS 


4 


Vv 


H 


CF 3 


531 


532 


5 


VNy 


H 


CF 3 


531 


532 


6 




H 


CF 3 


531 


532 


7 


N^ N \ 

vv 


H 


CF 3 


532 


533 1 


8 


, N =N 


H 


CF 3 


532 


533 1 


9 


N=: N 

~Vv 


H 


CF 3 


546 


547 


10 




H 


CF 3 


530 


531 1 


11 




H 


CF 3 


529 


530 I 
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56 




H 


CF3 


530 1 


' 

531 


.J / 




H 


CF 3 


541 


542 


58 


,9 M 


H 


CF 3 


604 


605 


59 . 


o 


n. 


CF 3 


696 

. 


697 


60 




H 


CF 3 


562 


563 

_ 


61 




H 


CF 3 


542 


543 


62 




H 


CF 3 


547 


548 




CF 3 



5 ketone 1 and the corresponding 
ESI-MS mass found: M+H = 557 




fy AMPLE 64 
O 



N 




CF 3 



CF 3 
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Step A: 



O 
H 



, fMh e nzvl3-methyl-4-piperidone 25 g) methanol (200 mL) was 
To a solution of N-benzyl-J metnyi-H-p H appa ratus until 

^ ^ T>^/r (1 a\ The mixture was agitated under H 2 (50psi) on a rarr FF 
addedPd/C(2g). Them fl ^ on ^ 0 ^ c ^d^ 
H 2 uptake ceased. The catalyst ^ ^ further 

filtrate was concentrated to give 14 g ot cruae pro 



purification 
StepB 



10 



O 

Boc 



15 



was stirred at rt for 2 h then JN^N-m > j The reaction mixture was 

was hed w*h 5% ci-ic ac,d, — .„ ^MR (500 MHz, 



(s,9H),1.02(d,3H) 

Step C: OH 



20 



Boc 



25 
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™™lex due to rotameric isomers and the 
alcohol product. The HNMR spectrum was complex due to 

presence of stereoisomers. 

Step D: QMs 



10 



Boc 

trtefcylamineCl mL.37 mmol) m«*l » ^ was sthTed « 

m e.hanesu.for.yl chloride (2.4 mL, 31 mmol), *i ^ 

NaHCOs solution, and brine, dneaovci a j 
To^ve 7.73 g of mesylate which was used direct,, .n Step B. 



6- 



15 



20 



25 



, „, p(54 . 79n^ol)inl00mLofDMPunderaoitrogen 
To a suspension of pyrazole (5.4 g, - > a^ion, 3.16 g, 79 

attn „ s pherewas ^P"^*^^ LJewasstinedforan 

additional 15 nun, .hen a so uho of ««W- „,a. reaction 

Steps A-D (7.73 g» 26 mmol) in water was added and the mixture was 

^ture was stirred a. rt for 2 days then «™ were was hed 

extrac^wimeury.^^--^^^^^^ 
mree times with water, once wrth , saturated with HC1 gas, 

^centraed. ^J^£Z£Z concent and the reside 
and left standing overnight. The rtacho ^ 3 ames wlth 

was partitioned between saturated NaHCO, solut. ^ 

concentrated. The restdue was punfied by u ^ ^ ^ 

n.e.hanoVDCM + 0.5% NH.OH sofcuon) » gyve 152 "I P ? ^ tf , . 2 ^ 

0.4H), 7.41 (d, J = 3 Hz, 0.6H), 7.4U ^. 
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j = 7 Hz, -1.8H). 0-67 (d, J = 6 Hz, -1.2H). 



Step F: 



/ 4 I 

O 




u j tv,P usual way as shown in Example 1 
p^ve amination — ^» ^JJ) and the 
s^gtomln.ennedia.e^eHW^O.^ ' ^fleanonand 

prepaid as deseribed in Steps A-E above (5 ^ ^ ™ ^ ^ 

0 teparaion of eis/trans isomers was «7^^££oH soiution/8% 

etha„ol/e«hyl aeetate). Preparauon of HQ ^ J4 of the high 

and adding exeess 4N HC. in dioxane then con^t-n to g, ^ 
band isomers (presumed mixture of 8 isomers) and 64 mg 
15 (presumed mixture of 8 isomers). 
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While .he invention has been described and illustrate* with reference 
various adaptations, changes, modifications, subsmub ons, and scope of 

.espies observed may vary according to and *P«W^2 as we,, as 
^^oMormuUtionandrnodeofad.rdnist^ti.nemP 

a„d practices of *e present invenhon. It » "> Knde "' interpreted as 

defined by the scope of the claims which follow and that snch damns 

1 5 broadly as is reasonable. 
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WHAT IS CLAIMED IS: 

1. A compound of the formula I: 




10 



wherein: 

r1 is selected from: 
hydrogen, 

-Cft 6alkyl-Y-(Cl-6alkyl)-, and 

wh ere Y is selected^ 
a single bond, -O-, -£>-, -au , 



with 1-7 substituents where the substituents are independently selected 



15 



from: 

(a) halo, 

(b) hydroxy, 

(c) -0-Ci-3alfcyl, and 

(d) trifluoromethyl, 
20 (e) Ci-3alkyl, 

(f) -0-Cl-3alkyl. 



25 



Ji -C02R9, wherein is independently selected from: 
(S) hy*ogen, d-6 *1, C5-6 cycloallcyl, benzyl or phenyl, which 
is unsubstituted or substituted with 1-3 
substituents are independently selected from: halo, CM** 
Ci-3alkoxy and trifluoromethyl, 



(h) -CN, 

(i) heterocycle, 
(j) -NR9R10, 

3Q (k) -NR9COR10, 
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(1) -NR9S02R 10 . a»» d 
(m ) -CONR9R 10 ; 



(C0-6aiKyu P ,lw J , , hlt .j wit h 1-7 substituenls 

w here the alkyl is ^substituted or substituted with # 
.here the substituents are independently selected from. 



10 



(a) halo, 

(b) hydroxy, 

(c) -0-Ci-3alkyl, 

(d) trifluoromethyl, and 

(e) -Ci-3alkyl, 



15 



20 



25 



from: 

(a) halo, 

(b) trifluoromethyl, 

(c) trifluoromethoxy, 

(d) hydroxy, 

( e ) Ci-6alkyl, 

(f) C3-7cycloalkyl, 

( g ) -0-Ci-6alkyl, 

(h) -0-C3-7cycloalkyl, 

(i) -SCF3, 

(j) -S-Ci-6alkyl, 

(k) -S02-Cl-6alkyl, 

(1) phenyl, 

(m) heterocycle, 

(n) -CO2R 9 . 



30 (o) -CN' 



(p) -NR9R10, 

(q) -NR9-S02-R- 10 . 

(r) -S02-NR 9r10 ' and 

( S ) -CONR 9 R 10 ; 
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r3 is selected from: 

"^srsi— -«——»— 

where the substituents are independently selected from: 

(a) halo, 

(b) hydroxy, 

(c) -0-Ci-3alkyU and 

where the substituents are independently selected from: 

(a) halo, 

(b) trifluoromethyl, 

(c) hydroxy, 
15 (d) Ci-3alkyl, 

(e) -0-Ci-3alkyl, 

(f) -CO2R 9 . 

(g) -CN, 

(h) -NR^RlO, and 
20 (i) -CONR9R10; 

r4 is selected from: 

(a) hydrogen, 

(b) hydroxy, 
25 (c) Ci-6alkyl> 

(d ) Ci-6alkyl-hydroxy, 

(e) -0-Ci-3alkyl, 

(f) -CO2R 9 , 

( g ) -CONR9R1 0 , and 

30 (h) - CN- ' 

(a) lH-indene, 

(b) 2,3-dihydro-lH-indene, 
( C ) 2,3-dihydro-benzofuran, 

■ .-85- 




(d) i,3-dihydro-isobenzofuran, 

(e) 2,3-dihydro-benzothiofuran, and 
m 1 3-dihydro-isobenzothiofuran, 

substituents are independently selected from: 

(a) halo, 

(b) trifluoromethyl, 
10 (c) hydroxy, 

(d) Ci-3alkyl, 

(e) -0-Ci-3alkyl, 

(f) -CO2R 9 , 

(g ) -CN, 

15 (h) -NR^RlO, and 

( i) -CONR9R10; 

r5 and R 6 are independently selected from: 

(a) hydrogen, 

20 (b) hydroxy, 

(c) Ci-6alkyl, 

(d) Ci-6alkyl-hydroxy, 

(e) -0-Ci-3alkyU 

(f) oxo, and 
25 (g) halo; 

Ildtuents are independently selected from: halo, Cm** Cl- 
3 alkoxy and trifluoromethyl; 



30 



n is an integer which is 0 or 1; 

35 
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2 ThecompoundofClaiTnlwhereinRl is selected torn: 

^ iwi o n fialkvl- -Co-6alkyl-S-Ci-6alkyl-, and 
-Ci-6alkyl, -C0-6alkyl-O-Ci-6aiKyi , ^u-o j 

rrn^alkvl)-(C3-7cycloalkyl)-(Co-6alkyl), 

!-7 substituents where the substituents are rndependently selected 



from: 

(a) halo, 

(b) hydroxy, 

(c) -0-Ci-3alkyl, 

(d) trifluoromethyl, 
(f) Ci-3al.kyU 



-0-Cl-3alkyl, 

«A -C02R9 wherein R* is independently selected from. 

is unsubstituted or substituted with 1-3 sub stituents where* 
substituents axe independently selected from: halo, Cl^W. 
Ci-3alkoxy and trifluoromethyl, 



(i) -CN, 

0 -NR 9 R 10 . and 

(k) -CONR9R 10 - 



(1) 



3 . ^ecompoundof Claim ^^^Z^ 
-Cl 6 alkyl, which is unsubstituted or substituted with 
where the substituents are independently selected from: 



(a) halo, 

(b) hydroxy, 

(c) -0-Ci-3alkyl, and 



(2) 



^en^thesub^ereindepen^yse^ftom. 



(a) halo, and 

(b) trifluoromethyl, 
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(3) 



Co^l^S-C^S^Kwhich.unsubsUtutedorsubsdtutedwithi-e 



(a) halo, and 



(4) 



from: 

(a) halo, 

(b) hydroxy, 

(c) -0-Ci-3alky^ and 

(d) trifluoromethyl- 

4 . Thecompoundof Claim IwhereinRl is selected from: 

(1) -CH3, 

(2) -CH2CH3, 

(3) -CH(CH3)2, 

(4) -CH2CH2CH3, 

(5 ) -CH2CH(CH3)2, 

(6) -cyclopropyl, 

(7) -cyclobutyl, 

(8) -cyclopentyl, 

(9) -CH2-cyclopropyl, 

(LO) -CHi-cydo^y 1 ' 

(11) -CH2-cyc 1 °P ent y 1 ' 

(12) -CH2OH, 

( 13) -C(CH 3 )2(OH), 

(14) -C(CH20H)(CH3)2, 

(15) _(OH)cyclobutyl, 

(16) -(OH)cyclopentyl, 

(17) -C(CH3)2(NH COCH 3>' 

(18) -C(C02H)(CH3)2, 

(19) -O-CH3, 

(20) -O-cyclopentyl, 

(21) -0-CH(CH3)2> 
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(22) -S-CH3, 

(23) -S-CF3, 

(24) -SO2-CH3, 

(25) -S-CH(CH3)2, 

(26) -S0 2 -CH(CH3)2,and 

(27) -NH-SO2-CH3. 



5 Theco m poundofClai m lwhereinR2isselectedf ro m: 
-(C 0 -4alkyl)-phen yl and .( C(W alkyl>heterocycle, 
where heterocycle is selected from: - pyrazinyl, 

furanyl, imidazolyl, oxadiazolyl, oxazo * P ^ ^ 

pyridyl, pyridazinyl, pynmidyl, pyrrolyl, thmd.azolyl, 
and triazolyl, and N-oxides thereof, substitueIlts w here the 

where the allcylisuns—^ 

substituents are independently selected from. 



(a) halo, 

(b) hydroxy, 

(c) -0-Ci-3alkyl, aild 



(a) halo, 

(b) trifluoromethyl, 

(c) trifluoromethoxy, 

(d) hydroxy, 

(e) Ci-3alkyU 

(f) -0-Ci-3alkyl, 

(g) -CO2R 9 . 

(h) -S-Ci-3alkyl, 

(i) -S02-Ci-3alkyl, 
(j) -SCF3, 

(k) -C02R 9 » 

(1) -NR9R 10 , 

(m) -NR9-S0 2 -R 10 ^ 
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(n) -SO2-NR 9 R l0 ' and 
(o) -CONR9R10. 



6 decompound of Claim 1 ^hereinR* is selected from: 

. C C0-4al k yl)-phenyl ^^^^^ and N-oxides thereof, 
where heterocycle is selected from- py^dyl where tne 

where the alkyl is unsubstituted or substUuted wdh 1-7 subsfctue 
substituents are independently selected from: 



(a) halo, 

(b) hydroxy, 

(c) -0-Cl-3alkyl, and 



(a) halo, 

(b) trifiuoromethyl, 

(c) trifluoromethoxy, 

(d) hydroxy, 

(e) Ci_3alkyl, 

(0 -0-Ci-3alkyl, 

( g ) -C02-Cl-3alkyl, 

(h) -CO2H, 

(i) -S-Ci-3alkyl, 
(j) -S02-Cl-3alkyl, 
(k) -SCF3, 

(1) -NH2, 

(m) -NH-S02-Cl-3alkyl, and 
(n) -SO2-NH2. 



7 ThecompoundofClaimlwhereinR^isselectedfrom: 
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(a) 




KP) 


trifluoromethyl, 


vw 


trifluoromethoxy, 


W 


hvdroxY. 


\FJ 


Ci-3alkyl, 


(f) 


-O-Cl-Sal^ 1 ' 


(g) 


-C02-Cl-3alkyU 


V."/ 


-CO2H, 


0) 


-S-Ci-3altyL 


(j) 


-S02-Cl-3alkyl» 


00 


-SCF3, 


0) 


-NH2, 


(m) 


-NH-S02-C1-3S 


(n) 


-S02-NH2- 


8. 


The compound 



(1) -CH2-(phenyD, 

(2) -CH2-(4-bromophenyl), 

(3) _CH2-(3-chlorophenyl), 

(4) _CH2-(3,5-difluorophenyl), 

(5) -CH2-((2-trifluoromethyl)phenyl), 

(6) _CH2-((3-trifluoromethyl)phenyl), 

(7) _CH2-((4-tnfluoromethyl)phenyl), 

(8) _CH2-((3-trifluoromethoxy)phenyl), 

(9) _CH2-(C3-trifluoromethylthio)phenyl), 

(10) -CH2-((3-trifluoromethoxy-5-thiomethyl)phenyl), 
fin -CH 2 -(C3-trifluoromethoxy-5-methoxy)phenyl), 

(12) -CH2-((3-trifluoroTnethoxy-5-methanesulfonyl)phenyl), 
U3) -CH2-((3-trifluoromethoxy-5-amino)phenyl), 

(1 4 

(15) -CH2-((3-trifluoromethoxy-5-sulfonyla m ino)phenyl), 

(16) _CH2-((3,5-bis-trifluoromethyl)phenyl), 

(17) -CH2-((3-fluoro-5-trifluoromethyl)phenyl), 

(18) -CH(CH3)-((3,5-bis-trifluoromethyl)phenyl), 

(19) -C(CH3)2-((3,5-bis-trifluoromethyl)phenyl), 
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(20) -CH2-(4-C2-trifluoromethyl)pyridyl), 

(21) -CH2-(5-(3-trifluoromethyl)pyridyl), 

(22) -CH2-(5-(3-trifluoromethyl)pyridazinyl), 

(23) -CH2-(4-(2-trifluoromethyl)pyridyl-N-oxide), and 

(24) -CH2-(5-(3-trifluoromethyl)pyridyl-N-oxide). 

9 The compound of Claim 1 wherein R3 is heterocycle, 
where the substituents are independently selected from: 



(a) halo, 

(b) trifluoromethyl, 

(c) hydroxy, 

(d) Ci-3alkyl, 

15 (e) -0-Ci-3alkyl, 

(f) -CO2R 9 , 

(g) -CN. 

1 (h) -NR9R10, and 

(i) -CONR9R10. 



20 



10 The compound of Claim 1 wherein R3 is heterocycle, 
where the heterocycle is unsubstituted or substituted with^S subsUtuen. 
where the substituents are independently selected from, 
(a) halo, 
25 (c) hydroxy, 

(d) Ci-3alkyl, 

(e) -0-Cl-3alkyl, and 

(f) -CO2R 9 . 

3Q 1 1. The compound of Claim 1 wherein R3 is selected from: 

imidazole, pyrimidyl, triazole or tetrazole. 

12. The compound of Claim 1 wherein R* is selected from: 
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N 




1 IM ? 






N 





13. The compound of Claim 1 wherein R 4 is selected from: 

(a) hydrogen, 

(b) hydroxy, 
j ( C ) -CO2H, 

(d) -C02Ci-6alkyl, 

(e) T CN. 

14. The compound of Claim 1 wherein R 4 is hydrogen. 

?i 15. The compound of Claim 1 wherein R 5 and R 6 are 

independently selected from: 

(a) hydrogen, 

(b) hydroxy, 
l5 (c) -CH 3 , 

(d) -O-CH3, and 

(e) oxo. 

16. The compound of Claim 1 wherein R$ is independently 

20 selected from: 
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(a) hydrogen, 

(b) .-CH3, and 

(c) -O-CH3. 



17. 



x f A compound which is selected from the group consisting of the 
' title compounds of the Examples, and pharmaceutical* acceptable salts and 
individual diastereomers thereof. 

18. A pharmaceutical composition which comprises an inert carrier 
10 and a compound of Claim 1 . 

19 A method for modulation of chemokine receptor activity in a 
mammal in need thereof which comprises the administration of an effective amount of 
the compound of Claim 1. 

15 20 A method for treating, ameliorating or controlling an 

inflammatory or immunoregulatory disorder or disease which comprises 
1 I^: g toapatient in need thereof an effective amount of the compound of 

Claim 1. 

90 

21 A method for reducing the risk of an inflammatory or 
immunoregulatory disorder or disease which comprises administering to a pahent » 
need thereof an effective amount of the compound of Claim 1. 

„ 22 A method for treating, ameliorating or controlling rheumatoid 

arthritis which comprises administering to a patient in need thereof an effective 
amount of the compound of Claim 1 . 
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ACTIVITY 
< adctr ACT OF THE INVENTION 

5 ABSTRACT p^ent invention is directed to compounds of the formula 1: 




, . „ 1 o2 «3 R 4 R 5 R 6 RlO and n are defined herein) which ere useful as 
10 rnpa^thesecorupoundsareusefu, 

as modulators of the chemokine receptor CCR-2. 
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